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Department of Energy 
Richland Operations Office 

P.O. Box 550 
Richland, Washington 99352 

APR 2 3 1991 

9102148 

Mr. Timothy L. Nord 
Hanford Project Manager 
Washington State Department of Ecology 
Ma i1 Stop PV-11 
Olympia, Washington 98504-8711 

Dear Mr. Nord: 

RESPONSE TO APRIL 3, 1991 REQUEST, REGARDING THE LIQUID EFFLUENT RETENTION 
FACILITY (LERF) 

References : 1) Letter, S. H. Wisness, U.S. Department of Energy-Richland 
Operations Office to T. L. Nord, Ecology, "Engineering /3573 
Change Notice W-105-72 on the Liquid Effluent Retention 
Facility," dated April 11, 1991. 

2) Letter, S. H. Wisness, U.S. Department of Energy-Richland 
Operations Office to T. L. Nord, Ecology, "liquid Effluent 
Retention Facility Construction Quality Assurance Plan , " no 
dated April 8, 1991. 

3) · Letter, S. H. Wisness, U.S. Department of Energy-Richland 
Operations Office to T. L. Nord, Ecology, "Transmittal of 
Soil/Bentonite Permeability Final Report and Additional no 
Information Requested," dated April 5, 1991. 

4) Letter, T. L. Nord, Ecology, to S. H. Wisness, U.S. 
Department of Energy-Richland Operations Office, "liquid ;3L(B8 
Effluent Retention Facility (LERF) Basin Construction," 
dated April 3, 1991 . 

Reference 4 requested specific information prior to start of the Liquid 
Effluent Retention Facility (LERF) basin construction. The majority of this 
information has already been provided to Ecology as indicated below. The 
information which has not yet been provided is attached. 

I. Construction Quality Control {CQA) Documentation 

A copy of the CQA document was provided to Gary Anderson on 
April 5, 1991, and transmitted by U.S. Department of Energy, 
Richland Operations Office (DOE-RL) to you on April 8, 1991, 
Reference 2.0. ,"-
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2. Revised C4 Specification 

3. 

4. 

5. 

6. 

7. 

The revised specification was telefaxed to Gary Anderson of your 
staff on April 5, 1991 , and transmitted to Ecology on April 11, 
1991, via Reference 2.0 . 

Revised C2 Specification 

The revised C2 Specification was provided to your staff at the 
Unit Manager's on February 1, 1991, as documented in the 
respective meeting minutes. 

Contractor's Implementation Plan 

This document is identified as the contractor's installation 
document, Submittal 12D , as the "Contractor's Implementation 
Plan". This document was given to Gary Anderson on April 5, 1991 
and was transmitted on April 5, 1991, via Reference 3. 

Final Chen Northern Report 

A copy was given to Gary Anderson on April 5, 1991, and 
transmitted by OOE-RL to Ecology an April 5, 1991, 
via Reference 3. 

Independent Assessment for Surface Impoundment 

An assessment certified by a professional engineer that the 
surface impoundments' dikes have sufficient structural integrity 
to withstand the stress of the pressure exerted by the types and 
amounts of wastes placed in them and will not fail due to scour i ng 
and piping is attached (Attachment 1) per your request. 

Assure 2 Foot Thickness Under Sump 

The drawings which have been provided to you do not specifically 
call out (requirements) for thickness under the sump. However, 
the information can be derived by a "circuitous" route by 
examining other drawings and an Non Conformance Report with survey 
data. For clarification, an Engineering Change Notice is attached 
that adds a note to the drawing to maintain three (3) feet under 
the sump (Attachment 2). 
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8. M-26-04 Milestone at Risk 

.A.."R 2 ~ 1991 
91-WOB-132 

Your letter indicated that M-26-04 had been identified at risk 
during a Unit Manager's Meeting which took place on March 26, 
1991. The schedule identified to meet this milestone is a success 
orientated schedule and contains many areas of risk. However, to 
this date, WHC has not formally identified this particular 
milestone as being at risk . Attachment 3 is a hard copy excerpt 
of the presentation. 

I believe this satisfies all requests you have identified to DOE-RL to date 
regarding LERF. If you have any questions please contact Mr. Cliff Clark of 
this office on 376-9333. 

Attachments 

cc w/att: 
P. Stasch, Ecology 
G. Anderson, Ecology 
T. Michelena, Ecology 
P. Day, EPA 
~ , •WHC 
•. E. Kelley, WHC . 

Sincerely, 

J,;) I),,; 
7ven H. Wisness, 
ford Project Manager 

i-Party Agreement 
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TO S. L. Peterson 

COPIES ro 

KAISER 
l:NG/Nl:ERS 

1-iANFDRD 

A--. . ,, . . -_._; . • ~ · 
l"T"'H.~~ 

INTEROFFlCE MEMORANDUM 

DArE March 29, I 99 l 

FRat E. A. Goakey 

JOB 110. N/1\ 

RESPONSE TO LETTER OF INSTRUCTION 155, ISSUE 11 ANO 16 

Please accept this letter as certification that the dike portion of the 
basins has been designed for structural integrity to prevent failure without 
dependence on any liner system included in the surface impoundment 
construction. The dike will withstand the stress of the pressure exerted by 
the types and amounts of wastes in the impoundment. The dike has a safety 
factor greater than 3 against failure by sliding and the top or sides are 
stabilized with a 3 inch layer of crushed gravel to prevent waLP.r and wind 
erosion of the surfaces. 

Calculations are attached. 

EAG:sme 
Attachments 

Attachment 11-2 

,. 
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KAISER ENGINEERS 
HANFORD 

DOCUMENT TRANS MITT AL 

0.Jtl! : Ap i- i l 19, 1991 

To : A. G. Lassi 1 a ,2 

From: s. L. Petersen~~ 
----Project / llork Order Nunoer : W-105 

Project/llork Ord~r Title: 242-A Evaporator Interim Retention Basins 

Sucject : 

No . of 
Copies 

DOE 
1 

\.IHC 
0 

KEH 
1 
1 
0 

[ ] 

[ ] 

[ ] 

[ X] 

[ ] 

[ ] 

[ ] 

[ ] 

Additional Information on Part B Permit Application 

COIT'~any and Distribution 

A. G. Lassila 

L . R. To 11 born 

S. L. Petersen 
Engineering Document Control 
Transmittal Clerk 

.:.u:.cned A.re Purpose 

Pr ints [X] I nforma t ion 

Sp~ci i ic.:it i on:. [ ] Action 

Tr .. ~e l ers [] Signature 

;.ppr . Data [] Upd.lte 

Fc r;ns [] Review 

Lior.-ry Material [ ] 

Proceaures [ ] 

Otner : 

Comr.ents 

[] ?rel imi nary 

[ ] uncheclc.ed 

[ ] Checlc.ed 

[ ] Final 

[ ] Approved 

[ ] llorlc. ing Copies 

[ ] Controlled Copic~ 

[ ] Otl'ler: 

Transmittal 'io . TR-W-105-PM -1 16 
Page l of 1 

Mailing 
Address 

AS - 18 

R3-30 

E6-50 
E6-52 
E6-52 

? l ease 

[] COll11lent 

(] Approve 

[] Destroy Previous 

[] Return Previous 

[] Note Rev i sion 

[] Note Holds 

[] f i le 

Issue 

Issue 

Attached is further information requested by WOOE related to WAC-173-303-650 (i.e . Sco ve 
and Piping Potential, Soil/Bentonite Liner Permeability, Seismic Stability, etc). 

SLP/ sjm 

(En GC:)1 .0.J ( '. 2 / !!9) ( U} (EF 00 3 
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( 1· 1 ·11t.1 ~orthcr11. Inc. 

April 18, 1991 

Kaiser Engine~rs Hanford Company 
P.O. Box 888 
Richl~nd, Washington 99352 

ATTfNTION: Mr. Steve Peterson 

: •. : . • ; r • 
... - . . .', . 

·· : ", ..!" · .:.· · 

· . ··, : : · ·,:, · 1 • • 

SUP...TECT: Additional Information for Project W-105 
Part B Permit Application 

G 1~ n t l 0 n en : 

Compliance with Washington Annotated Codes, 
(WAC) 17J-30J-650 

In uccord~nce with your request of April 17, 1991, we have reviewed 
prc·1iously transmitted information and have prepared additional 
i~fnrmation regarding compliance of the W-105 gcotechnical dc~ign 
with WAC 173-303-650. The new information includes : 

o Scour and piping potential for the soil-bentonite lin~r. 

We h ,Jve revie•..ted the f o 11 o•..ting information previously tran:;n it ted 
to K., i.scr Engineers Hanford Company (KEH) : 

o Soil-Bentonite Liner Permeability (Chen-Northarn lettcL of 
M~rch 11, 1991 to KF.H). 

o Shear strength, dike stability, settlement, subsidence, and 
uplift stresses on tha gravel dikes and soil-bentonite liner 
(Chen-Northern letter of March 26, 1991 to K~H). In th~sc 
~nalyses, each bAsin liner was assumed to consist of two 
High Density Polyethylene liners and a tertiary soil
b~ntonite system. The soil-bcntonite liner was considered to 
be part of tha dikes in reg~rd to structural integrity. 

o Piping and scour potential of the gravel dikes (Chen
Northern letter of April 10, 1991 to XEH). 

The results of our review and recent analysis indicates that: 

1. The W-105 dikes, including the gravel basins and soil
bentonite liner, are expected to withstand the hydraulic 
pressures exerted by the liquid waste in the impoundment. 

~- The gcotechnical dosign of the w-105 projec~, including the 
factors listed above, complies with the requirements set 
forth in WAC 173-JOJ-650. 

-- ---- --- - ·· _., . 
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K~iser Engineers Hanford Company 
i\ p 't"\1. 18, 1991 
Pc1g~ 2 of 2 

If y~u have any questions regarding this letter, or if ~e c~n be of 
further service, please contact us. 

c· ·11 1_'11 ()Northcn1, Inc. r . • . . .. ·,; : , ~ .. 
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?IP rtlG AND SCOUR 

Piping through a soil-bentonite liner may occur when the li ner i s 
penetrated by some conduit (hole or lea~age path), and water i s 
allowed to pass unimpeded through the conduit. In the design of the 
W-105 soil-bcntonite liner, a non-woven geotextile (Polyfelt TS 750 
•) wus specified for placement betwc~n the gravel dike mat~ri~ls 
and the soil-bcntonite liner. our analysis indicates that t h e 
gcotextile will perform as an effective retention barrier, thu s 
rnintmizing the potential for soil-bentonite lin~r piping. 

Scour of a soil-bentonite liner is a function of flow - type and 
velocity of flow adjacent to the soil-bcntonite liner. Under no r mal 
operating conditions of hydrostatic pressure, a pinhole-type or 
se~m-type leak is the normal mode of leakage. This type of l~akage 
is typically low velocity and low volume. In this case, scour i s 
not expected to occur. Scour of the soil-bentonite linar is only 
expected to occur under conditions of high velocity turbulent fl e w, 
such as a hose directed at unprotected section of the so il 
bcr,tonite, or a large-!;cale pipe failure lec:1king high-pressure 
fluid directly onto the soil liner. Since no piping penetrates the 
soil-bentonite liner, this situation is not expected to occur. 

C l !1: 11 ~"'}Northern, Inc. r ...... __ . i:.,r ..... : , ... _ • . . ... . ·· 



I 

1_ 
I 

REPORT 
OF 

PERMEABILITY TESTING 

TO 
KAISER ENGINEERS HANFORD COMPANY 

RICHLAND, WASHINGTON 

KEH W-105 SOIL-BENTONITE TEST FILL 
PERMEABILITY TESTING 

PROJECT NO. 86-1905 

PREPARED 
BY 

CHEN-NORTHERN, INC. 
CONSULTING GEOTECHNICAL ENGINEERS 

TRI-CITIES, WASHINGTON 

MARCH, 1991 
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Chen ~Nor1hern. Inc. 

March 11, 1991 

Kaiser Engineers Hanford Company 
P.O. Box 888 
Richland, Washington 99352 

ATTENTION: Mr. Steve Peterson, 
KEH W-105 Project Manager 

') 

.:.~~:..: 4 · c 4; : .:..::::- ':' 

SUBJECT: Final Report of Soil-Bentonite Liner Test Fill 
Permeability Testing; Project W-105 

Gentlemen: 

' ~ - . . ~-3 

In accordance with our agreement, we have conducted in-place and 
laboratory permeability tests on three soil-bentonite test fill 
sections at the W-105 Project. The report which follows describes 
our investigations and presents our results. 

We have discussed our findings with personnel from Kaiser Engineers 
Hanford Company (KEH) , Westinghouse Hanford Company (WHC), Richland 
Operations of the U.S. Department of Energy (DOE), the Washington 
Department of Ecology (WDOE), and the LOESS Group, an independent 
consultant to KEH. The results presented herein have been 
previously presented in a meeting on February 26, 1991. 

If you have any questions regarding this report, please call us at 
your convenience . 

Respectfully Submitted, 
CHEN-NORTHERN, INC. 

~,Ji~_:_ 
Brian/. Williams, P.G. 
Ge hn'cal . Engineer 

Dee . Burrie, P.E. 
Division Manager 

cc: Mr. Larry Gaddis, P.E 
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PURPOSE 

This testing project was conducted to evaluate the permeability 
characteristics of three soil-bentonite combinations proposed for 
use as an amended soil liner. Sealed Double Ring Infil trometer 
(SDRI) permeability testing was used as the primary test method for 
evaluation of permeability. The SDRI testing, in conjunction with 
other materials tests, forms the basis for acceptance of the full
scale amended soil liner. 

PROJECT DESCRIPTION 

The W-105 Project is located near the northeast corner of the 200 
East area on the Hanford Federal Reservation. The project includes 
construction of three lined liquid retention basins and a pipeline 
connecting these basins to other facilities on the Hanford Site. 
Prior to the beginning of test fill construction, the ·subgrade for 
the retention basins was constructed in the native gravel soils. 
After test fill construction and testing is completed, subsequent 
phases of construction will include placement of the liner and 
cover system. 

The specific work described by this project is the construction of 
test fills located north of the W-105 construction area. In the 
test fill area, several test fill pads were constructed using 
various pugmill-mixed soil-bentonite combinations. Pugmill mixing 
was performed in two series. During . the first series, the soil
bentonite product exhibited out-of-specification variations in 
bentonite and moisture content. These materials were deemed 
unsuitable fo~ construction of both the test fill areas and the 
full-scale liners, and a different contractor was selected to mix 
the soil-bentonite material for the test fill areas. The second 
series of soil-bentonite combinations were found to comply with the 
specified tolerances for bentonite and water content, and three 
test fill sections were constructed. 

TEST FILL CONSTRUCTION 

Three test fill areas were constructed in December, 1990, to 
evaluate permeability of the proposed soil-bentonite combinations. 
The materials were mixed at two different nominal bentonite 
contents. Curing times ranged from out-of-mill construction to a 
minimum of 24 hours stockpile time after blending and prior to 
construction. Test fill bentonite content and curing time is listed 
below. 

TEST FILL NUMBER NOMINAL BENTONITE STOCKPILE CURING DATE 
CONTENT, % TIME, HOURS PLACED 

3 11 - 14 Test Fill 12/4-12/5 
Constructed Out 
of Pugmill 

6 11 - 14 24 12/6, 12/10 
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T~e tes":. fill sec-:.ions we=e construc":.ed using the e~i:;inent and 
place:nent met.hods pccposed foe cons":.::-uc-:.ion of t!'le full-scale 
line=. The p=oposed test fill site was st=i?ped of organic material 
and compacted. A layer of non-~oven geotaxtile was then laid on the 
compac-:.ed su.!:)grade. Test fill mata=ial was then :;ilaced on t:-.e 
gaoc.extile and com9acted . The t 1.=s-: lif":. of so il-canc.=ni ce •,1as 
placed to a nominal t!'l.ic!<::iess of 12 inches, with su::ise~ant 1 i .:~s 
~laced ac a nominal thick:iess of 6 inches. With the e~Ce?t.ion of 
c.he final lif~, the lifts were compacted by six passes of a static 
(~on-vibracary) dual-dru.u tamping-foot roller (CaCe=?illa= 825). 
Each pass of the roller consisted of full drum widch coverage. The 
final lif":. was compac-=ed with t•,10 passes of t:ie tamping feet 
=olle:-, and then four passes of an Inge:-soll-?..ahd s;nooc.h-drur:i. 
stacic :-oller. Su!:lsequent to final lift place~ent, plas-:.ic sheecing 
was placed on the finished surface to minimize dry inc; of the 
sur:: ace. A::~e:- t:ie plas-:.ic sheecing was placed, six relatively 
undis-:.u=~ed ring-t'j1Je samples were obtained f:-orn each of -:.:ie cast 
fills for ?reli~inary laboratory per:neability testing. 

L'.\30RATORY P£R.!1Z~3ILITY T~STING 

Six sam9les r.,;ere obtained from each tes-:. fill. T:i.e si:< samples 
c=r.sis~ad of t~o samples f:-orn three random locacions. Dual samples 
we=e taken to minimize las-:. time ~rom re-sampling i: one of the 
sam9les ~ere to be los-:. or damaged during handling er shipmenc. 

The samples were obtained by pushing a lined S?lit-tube sarnple:
inc.o the test fill. The liners consis-:.ed of brass tubes l inc~ and 
6 inc:,.as in length, and 2.5 inches in diamecer. The sampler was 
pus::.ed and withdrawn using a f=ont-end loader. 

Af~er t~e sampler was withdrawn from the test fill, t~e sampler was 
disasse::tbled, and the sample rings were removed and exanined for 
possible defec~s in the enclosed soii sample. The sam9le =~ngs ~ere 
visually examined by our engineer, and the 6 inc~ le.r.g~h of sample 
that appeared to be in the best condition was selected for shipment 
and tes~ing. Each brass tube was individually ca;:iped and sealed, 
'..;-:-apped in bubble wrap, and then placed in anothe:- ca;:iped and 
sealed t'..!be for t=ansoortation to our Pasco la.::::oracor-1. At t'.:ie 
la=oratory, the sanples we=e packed in foam packing wacerials and 
shi;:iped via ai= f=eigh.t: to au::- laborato?:""J in 3illings, ~ont:a·na for 
laborato?:""f pe:-::ieability testing. 

A":. the aillings laboratory, the samples were again visually 
examined ~y -:he senior laboracory technician. The sanples selec-:.ed 
:or tes-:.i.:1g ·.-1ere e:<":.:-".!ded f=om c.:i.e brass t'..lbes, t=irnne-:::., :neasu:-ed, 
'.Jeigr.ed, placed i:1 a double lac.ex :iemb::-ane, a.r.c. then placed in a 
-:.=iax:..al call for per::ieabilicy cas-:..i.ng. T~e sa~;::les ~,.te::-~ back-
9ress:J.:-e sat'..lrac.ec. unc.il c::.e "5'' c::ef::icien:: was a. 99, L1c::.icat.:.:1c; 
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practical saturation. The samples were then placed under a nominal 
hydraulic gradient of 10 and tested for a period of seven days. The 
tests were performed in general accordance with the Corps of 
Engineers Manual EM 110-2-1906, Appendix VII. The results are 
summarized below and are presented in Appendix A. 

TEST FILL SAMPLE # PERMEABILTY, CM/SEC 

TF#J, lA lXl0 -8 
TF#J, 3A Jxl0 -8 
Tf'.#3, 3B 2Xl0 ~8 

TF#6, lA 2xl0 -8 
TF#6, 2A lxl0 -8 
TF#6, 3A 2Xl0 -8 

TF#7, lA 2xl0 -8 
TF#7, 2B 5xl0 -9 
TF#7, 3A lxl0 -8 

; r-,... SEALED DOUBLE RING INFILTROMETER TESTING 
I , ,,,__ 

The primary permeability evaluation of the test fills was performed 
using the Sealed Double Ring Infiltrometer (SDRI). The SDRI test is 
a derivation of several types of infiltration tests adapted 
specifically for in-place permeability testing of soil liners. This 
test method models leakage of containment fluid onto a soil liner. 
The procedure was established by Trautwein at the University of 

~ Texas (Austin) in 1986. A copy of this original paper is included 
as Appendix B. Since 1986, the SDRI has become one of the standard 
test methods for in-place permeability determinations, and is 
currently referenced under the ASTM Test Method 05093. 

The SDRI tests performed on the W-105 project are an adaptation of 
the present ASTM Test Method. The tests at the W-105 project were 
started prior to complete acceptance of the method by ASTM, and 
thus contain several minor variations from the ASTM procedure. 

The SDRI apparatus consists of an aluminum inner and outer ring, 
soil tensiometers for measuring soil suction (and, indirectly, 
wetting front penetration) , and flexible intravenous fluid ( IV) 
bags and tubing for flow measurement into the inner ring. (See 
Figure 1.) 

As fabricated for the W-105 project, the outer ring consisted of 
four aluminum panels 7 feet 2 inches in length and 30 inches irt 
height. When bolted together with a rubber gasket between panels, 
the panels form a square box 7 feet in square dimension. The inner 
ring consisted of a welded aluminum box 30 inches by 30 inches in 
plan dimension, varying from 10 inches to 14 inches in height. The 
variation in height allowed air entrapped during testing to rise to 
one end of the box to be withdrawn. The inner ring has two ports, 
one of which has a valve for bleeding the air referenced above, and 



,~-

the other port is used as the inlet from the two flexible bags 
filled with water. 
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-·dra.inaqe layerl-
FIGURE 1. Schematic of a Sealed Double Ring Infiltrometer 

Installed On Test Pad. 

The outer ring of the SDRI was installed by machine excavating a 
trench approximately 16 to 18 inches in depth and 4 inches in width 
into the soil liner. The trench was then filled with a commercial 
grout (VOLCLAY grout), and the outer ring was pushed into the grout 
to a depth of 16 to 18 inches. The inner ring was installed by hand 
excavating a trench 4 inches in depth and 2 inches ·in width. Grout 
was placed in the trench, and the inner ring was pushed into place. 

After the rings were placed, the soil tensiorneters were installed. 
(See Figures 2 and 3). The tensiorneters were installed in three 
sets of three tensiorneters. Each set of tensiorneters was installed 
with the top of the porous tips at depths of 6, 12, and 18 inches. 
After installation of the tensiometeri, the outer ring was filled 
with water to a depth of 12 inches when measured at the centerline 
of the inner ring. During initial filling, the inner ring ports 
were left open to allow filling concurrent with the outer ring to 
eliminate any differential head during initial filling. The 
apparatus was then left for a period of at least one day prior to 
closing the inner ring ports and attaching the flow measurement 
bags. 

••t•r 
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t.ip 
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fIGURE 2. Schematic Of a Tensiometer 
I _ _ _J 
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FIGURE 3. Top View of SDRI Apparatus 

Since the SDRI tests were performed in temperatures below freezing, 
the apparatus were enclosed in small, insulated wooden buildings. 
These buildings were heated by a portable electric heater, which 
maintained the temperature of the apparatus and water above 
freezing. 

Initially,. the tensiometers and bags were read every working day. 
After initial readings established the expected range of 
permeabilities, the reading period was extended to periods of 
several days. Temperatures inside the SDRI enclosures were also 
recorded at each reading period. 

PERMEABILITY CALCULATION 

Measurement of inner ring infiltration was determined by weighing 
the IV bags full of de-aired water prior to starting flow, then 
re-weighing the bags after a minimum period of 24 hours. The weight 
of water which flowed out of the bags was converted to a volume of 
flow. Each time the bags were removed or re-attached, the time of 
day and date were recorded to establish the time component of flow. 
The infiltration rate is then calculated by the following equation: 

I = Q/ (Axt), where 

I = infiltration rate in milliliters per 
second, 

Q = flow in milliliters, 

A = the area of the inner ring, or 5806 
square centimeters, and 

t = elapsed time from start of the flow 
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measurement to removal of bag from the 
apparatus 

After the infiltration rate is determined, permeability can be 
calculated. Using Darcy's law, permeability is calculated by 
dividing the infiltration rate by the gradient of the flow. The 
gradient is generally defined as the change in head divided by the 
flow path; or, in the case of the infiltrometer, 

i = (H + D (+Hs))/L, where 

i = the gradient; a dimensionless number, 

H = pressure head from depth of water in the 
outer ring, 

D = pressure head from depth of water 
penetration into the test fill, 

Hs = suction head inside the wet side of the 
wetting front, and 

L = length of the flow path or depth of water 
penetration into the test fill. 

For calculation of gradient at the W-105 project, a strictly 
conservative approach was used. First, no amount of suction head 
was attributed to the equation. Suction head was not used in the 
equation for the following reasons: 

l. The amount of suction head measured by the tensiometers is 
theoretically greater than the suction head "Hs" inside the 
wetting front. Therefore, an assumed suction head inside 
the wetting front could be overestimated and may result in 
unconservative calculation of permeability. 

2. The amount of suction head inside the wetting front is 
variable depending upon the degree of saturation, and is 
practically impossible to measure under field conditions. 

Secondly, the depth of water penetration (D and L) for all 
calculations was assumed to be a maximum of 6 inches. This 
assumption was made since some depth had to be assumed. (as of 
February 28, 1991), the tensiometer readings had not gone to zero, 
indicating penetration of the wetting front had not progressed to 
a depth of 6 inches. Using the assumed 6 inch wetting front depth, 
the calculated gradient is: 

i = (12" + 6 11 )/6 11 

= 3, a dimensionless number 

The assumed gradient of 3 was used in all calculations of 



-

. , 

permeability for the W-105 project. The reading times, infiltration 
rates, and calculated permeabilities are presented in Appendix C. 

Given the above equations, it can be seen that with a large 
gradient the calculated permeability is less than that calculated 
with a small gradient. By eliminating the suction head factor from 
the gradient calculation, the calculated gradient decreases, 
conservatively increasing the calculated permeability. In addition, 
by assuming a 6 inch wetting front penetration, the gradient 
decreases from actual (since the wetting front had not actually 
reached 6 inches), and the calculated permeability ·increases. 
Therefore, the permeability calculated by these equations is 
inherently conservative. 

RESULTS 

The results of the SDRI tests are presented on Figures 4, 5, and 6, 
and are combined on Figure 7. The plots show some variation, but 
the actual range of variation is extremely small. The graphic 
presentation somewhat exaggerates the variations. The most obvious 
variation is shown before day 20 on Test Fill No. 6. This 
variation, a dramatic decrease in infiltration, is attributed to 
test fill soil degassing. In this case, as water penetrates the 
initially unsaturated soil, the entrapped air migrates along the 
path of least resistance upward. This is a phenomena typical of 
initial saturation of an unsaturated soil, where the entrapped air 
is driven out of the enclosing soil pore spaces and migrates 
upward. As the trapped air migrates upward, infiltration rate 
decreases . 

CONCLUSIONS 

The results of the field and laboratory testing indicate that the 
permeability rates are expected to be less than 4xl0 -8 cm/sec for 
the nominal 11 to 14 percent bentonite content (Test Fills No. J 
and 6) and less than 2x10-a cm/sec for the nominal 13 to 16 percent 
bentonite content (Test Fill No. 7). 

It is our opinion that the permeability of the test fill materials 
will be less than the maximum EPA-recommended permeability of l x 
10 -7 cm/sec. Liner materials, placed using construction procedures 
utilized during test fill construction, can be expected to exhibit 
comparable permeability characteristics. 
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APPENDIX A 
LABORATORY PERMEABILITY RESULTS 
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P. 0. BOX 30615 
BILLINGS. MT 59107 
(406) 248-9161 
FAX (406) 248-9282 

ATTN: B~IAN WILLIAMS 
CHEN -NORTHERN, !NC. 
2214 NORTH 4TH AVE 
PO BOX 2601 
TRI-CITIES, WA 99302 

CATE: December 18, 1990 
JO~ NUM6EA: !37-601 
SHEET: l oi= 1 
INVOICE NO.: I 08 l 4 9 

REPORT OF: Triaxial Permeability Test - KEH - WlOS (Job No. 86-1905) 

Sample Identification: 

On December 10, 1990, we received three soil samples from th!.? subject µroject, 
with instructions ta perform a triaxial permeability test on each s.lmple. 

Jhe tests were prepared and performed in general accordance v, i r.ll Carµ of 
Engineers Manual EM 110-2-1906 Appendix VII. 

TEST RESULTS: 

Sample Ory Density Moisture Content Coefficient. at 
Tdenti fication ! pcf l (%} Per111c• :-i t1 i l i ty ( c111 l'.s 0. c l 

TP 3 No. lA 102 . 1 21. 2 X 1 Q · U 

TP 3 Na. 38 101.8 20 . 3 2 X 10·d 

TP 3 No. 3A 102.9 21. 2 J X 10 ·8 
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·Chen-lJorthern, Inc. 

Lab 

A memcer al rne ( HIH] group al companies 

600 SOUTH 25TH STREET 
P. 0 . BOX 30615 
BILLINGS, MT 59107 
(406) 248-9161 
FA)( (406) 248-92B2 

REPORT TO: ATTN: BRIAN WILLIAMS 
CHEN-NORTHERN, INC. 

DATE: January 29, 1991 
JOB NUMBER: 8 7 -60 l 

2214 NORTH FOURTH AVENUE 
PO BOX 2601 
TRI-CITIES, WA 99302 

SHEE~ l OF ~ 
INVOICE NO.: 108518 

REPORT OF: Triaxial Permeability Test - Kaiser Engineers Hanford W-105 
(Job No. 86-1905) 

No. 

Sample Identification: 

On December 21, 1990, we received six soil samples from the subject site with 
instructions to perform a triaxial permeability test on each sample. The tests 
were prepared and performed in general accordance with the Carp of Engineers 
Manual EM 110-2-1906, Appendix VII. 

TEST RESULTS: 

Sample Ory Density· Moisture Content Coefficient Of 
Identification l pc f} /%) Permeability (cm/sec} 

9001 TP 1 No. IA 103.8 20.7 2 X 10•a 
- 9002 TP 1 No. 2A 101. 8 21. 6 l X 10'6 

-. 9003 
9004 
9005 
9006 

TP 1 No. 3A 102.3 20.9 2 X 10 ' 6 

TP 7 No. !A 101. 8 22 .1 2 X 10 ·6 

TP 7 No. 28 101 . 1 22.5 5 X 10·9 

TP 7- No. 3A 103 . 4 22.2 l X 10·!S 

rl 

Note: Samples identified as "l" weremislabelled in the laboratory; these samples 
are from Test Fill #6. 
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FIELD MEASUREWE-NT OF INFILTRATION RATES 
USING A SEA LSD DOl.: BLE-RING INFlLTROMETER 

by 
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Note~ for Sho·1 Course Entitled 

"CLAY LINER;; ANO COVERS 
FOR 

WASTE DISPOSAL FACILITtES .. 

Presented 
by 
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I1'TRODUCTION 

Most evaluations of the hydraulic co,i:iuctivity ot earthen liners have been based upon 
laboratory permeability tests. Recently, the reliability of laboratory permeability tests for earthen 
liners has been questioned. Field test5 tiave y1eld1Jd much higher values of hydraulic conductivity 
than laboratory tests. For this reason, many regulating agencies are puning emphasis an field 
tests. 

One method of field testing that is gairiin9 wide spread use involves the use of a Sealed 
Double-Ring ln1iltrometer(SORI). Thii purpos•: of these notes is to explain: 1) how the need for 
field testing arose ; 2) the developmP.nt ol tt'e SORI; 3) installation and use al the SORI; 4) 
methods cl data reduction: and 5) v~ays to min·mii .e !actor wnich influence the data. 

FIELD TESTltlC VS LABORATORY TESTING 

In the past. the accepted practice for ·1eritying that the hydraulic conductivity an earthen 
liner or cover met the design requirements w,,s to perform a laboratory test on a small diameter 
sample. Sometimes the tests -..,ere pennrmed on an undisturbed sample obtained from the liner 
but mostly recompacted samples al tne same m.iterial were tested. Untonunately, many at the 
landfills designed in this manner leakfJd. This lec.1 several investigators to penorm rield tests . It 
was tound that hydraulic conducuv,ttos der 3rmined in the fie Id were sometimes orders of 
magnitude greater than those determined in the laboratory. Some al the reasons l?f this 
dif1erence were obvious . Visual in~pection revealed desiccaiion cracks, the presence ol 
deleterious materials such as roots and twigs. and zones al materials such as silt and sand. All 
these provided preferential patnways lor water to flow more rapidly through the liner. 

To explain the difference b•?t\-vecn labcratory and field values of hydraulic conductivity it is 
convenient to define thP. lollowinq term~ . rnicropermeability and macropermeabilily , . 
Micropermeao,lity refers to the flow o' perme,rnt lhrou·gn the void spaces between soil particles, 
most ol which are in contact with otl"ler soil p Jrtir.les. Macropermeability refers to flow through 
tnese void spaces as well as !low ttirougn largrr vnid spaces such as desiccation crackS, fissures, 
root holes, etc. Flow tnrougn small samnlcs sLrch .1s tnose tested in the laboratory is controlled by 
the micropermeabiltty al trie soil wner0ai: !tow :nrough earihen liners or covers is controlled by the 
macropermeabt11ty. 



Because ot the difference found bat\ ; ec n hyaraulic conauct i · ✓ 1ty maasured an the lab 
and the field, many regulatory agenc1~s s1.1r,da to ruc_u11 t: l ic:11d tc:: ::i l ing to veri ly tnat liner and 
covers met spec1ticat1ons. 

TYPES ·OF Fl .:LD rESTS 

When field testing was first requ ired, tharc:- was l,rtlo.: guidance available for selecting what 
type of test to penorm. Regulat ions typically included ~ s1awme111 ~imilar to the following: ·The 
nydraulic coneluctivity must be venfit!a with a lie- Id t1:s1 penormc;d accorcing to accepted civil 
engineering practice·. The problem was tnat thc1 e w:i~ r10 ~,am.Jard o, acct!pted tecnnique for 
determining thenydraulic conductivitycl a liner or c 1ver. 

Techniques used for measuring hydraul,c condwctivity in tn& field included borehole 
tests, piezcmeter or porous probes, and infi1tra1io11 tests . 1n e:valuating wnat technique might be 
best adapted for testing for liners and covers , ir,li1t13ticn te~tinCJ set:mi:a tne logical choice. Large 
areas could oe tested and the test medalled tnu CJSe tor v,h1ch tna liner or cover was designed, 
i.e. water ponded on the sur1aca. This allowell tc r the uir.;ct me~sur1::rnent of the rate at whicn 
water passed through the soil. 

While the other techniques offered the ;:idvama9es ot simplicity and relatively short 
testing times, they were consiaered to nave seven: shortcomings. These snoncomings included 
small sample size, measurement of honzomal , atner tnan 11c:mica1 !low, and uncertainty in 
accounting tor unsaturated soil conditions. 

INFILTRATION TESTING 

lnfiltrometers were used mainly to ensu1 e tna, a soil had a high enough hydraulic 
conductiviry so tnat it would drain adequately , not J low anou9h hydraulic conducfr.., ity so that it 
could serve as a moisture barrier. wnen .:in anampt w;:is mada 10 use a simple open ring 
infiltrometer(Fig. , ) to measure hydraul ic conauo ,vity 01 .! liner, two major proolems oacame 
apparent. The first was a large _c:omponunt ot filter:il flow b.::,neatn tne ring. The second was tne 
inat,iliry to measure small cnanges in the water le11e1. 

Lateral flow is a problem because it ca11 not bts suparated from the vertical, one
dimensional component whicn is neeaed 10 determ,ne k.. Fonunately , 111e problem 01 lateral flow 
can be accounted for by installing a $econd rinq cantered ins,ae tile outer ring so that it 
encompasses tne area in which the flow is one-aimens,on.:.l(Fig.2) . Tnrs is k-nown as a double-ring 
infillrometer. Measurements of flow are made from thu innar ring, Equal water leve ls must be 
maintained in botn nngs to ensure tnat water does n.Jt flow tram one rin9 10 the other. 

Large diameter double-ring infiltrometers h~we been used in an attempt to measure the 
hydraulic conductivity of liners. To account tor av,.por.ition, a second sat ot rings of tne same 
diameter but with a sealed bottom were used as cor,trol rings. The drop in the water level in tile 
control rings was suotracted tram the drop in wate:r level 111 the 11::st rings. However, in many 
instances evaporation was significantly greater man 1nl i1tra1ion. For 1.:xamp1e the drop ,n the water 
level of one toot of ware, ponded on a soil with a nyuraulic cunauctivi1y of 1 xi 0-7 cnvsec is about 
0.0035 in. per day(Fig. 3). Evaporation canoe as m1,cn as 0.25 in. per aay. Subtracting two large 
numoers to obtain a small numoer without introducu,g signilicant error 1s questionaole. Also , it is 
questionable that the water level can be measurud 10 that aegr£:e 01 accuracy because tne water 
sunace is not still in large nngs. 

Fortunately, the problem ot measuring sm:J II chang1.:s ,n elc;vation can be overcome by 
using a special inner ring. This ring is descnbed in thl: next section. 

-
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SEALED DOUBLE-RING INFIL TROMETER 

The problem of measuring a sm;ill ch2ngc In elevation is eliminated by using a Sealed 
Double-Ring lntiltrometer(SDRI). Wi th this a :vrr;e(F ig. 4), rather than measuring a drop in 
elevation, the amount of water flow,n9 into tht- ground is measured directly. The inner ring is 
sealed and submerged in tho w:uer 1n 1t1e outer ·,nq Measurement of flow is made by connecting 
a flexible bag, lilted with a known w<?rC)ht 1JI wat•?r, tr.> a port on the inner ring. As water inf iltrates 
into tne ground lrom the inner ring , and t~Qual ;, mount of water llows into the inner ring from the 
flexible bag. Alter a known ,ntprval or time, tht• bag 1s removed and weighed. The weight loss, 
converted to a volume, is equal to tt•e amou1t of water that has infiltrated the ground. An 
infiltration rate is then determined from this vol•Jme of water, the area al the inner ring, and the 
interval at time. 

The design of the SOAI otters several other advantages over open ring systems. 
Evaporation is eliminated because the ,nner rin9 1s :;ealed. The nead at any elevation. ,n the inner 
or outer ring is the same so there is no gradient to cause water lo flow lrom one ring to the other. 
Also, since the head is the same, the pressure d1lference across the wall of the inner ring is 
constant, hence the inner ring will not expand or contract even though the water level in the outer 
ring may change. 

The first version of the SDRI consisted or two cirrular, fiberglass rings. The outer ring was 
7 ft. In diameter and 28 in. high. The ,nner ring •var- live It. in diameter, was dome snaped with an 
upper and lower port. The size .of the nngs was selected to be large enough to measure the 
macropermeatlilrty and to ensure !low was one-dimensional. The inner ring was embedded 4 in. 
in ttle ground while the oute1' ring was embedc'ed 6 in. Flow measurements were made using 
Mariette tubes. A separate Mariette tube for e.:,ch ring was used to maintain constant and equal 
heads. 

While some success was achieved usir,-;, tile first version of the SOR!, several problems 
arose that led to changes in the nng$. Th•?so pr•,olnms included: (1) leaks beneath the outer ring; 
(2) leaks beneath tne outer nng affecting mec1surements made in the inner ring: and (J) the 
inability of the Mariette tuoes to measure small amounts ot ttow. 

The first two problems were solved by m~king the outer ring taller so that it could be 
embedded deeper. This also nad the acded adv.intage of forcing flow in both rings to be one
dimensional to a greater depth. The outer ring was i11so made wider so that the distance between 
tne inner and outer ring was increased. Thrs ne·: essrtated making the ring square so that it could 
be disassembled tor transport. The outer ring 15 made al metal panels that bolt together at the 
comers(Fig 5) . The ease of digging stmi{lht tre11ch'ls as opposed to circular trenches was also a 
determining lactor in Changing tne snap<? cit the ring . The inner nng was also made square for this 
reason(Fig. 6)_. 

The last problem was overcome by repl;icing the Mariette system with a flexible bag. As it 
tumed out, the flex ible bag was not only m-Jre ac :ur.,te, rt was simpler to use and less expensive. 

INST,\LLATl 1)N OF SORI 

Outer Ring 

The outer ring is embedded 12 to 1 a in in th~ soil . A trenching machine, tne type used 
fer laying wire and pipe, is used to ex:c.iv.itc the trench. These machines are readily available at 
equipment rental stores. It 1s be!:t to use a macn,ne rhat cuts a narrow trench, usually 4 in. in order 
to minimize the amount ot groul neec!ed to fill th•~ tmnch. 

The rings are sealed 1n p1a·ccd with grout. A bentonite grout, such as Volclay Grout 
manufactured by American Collo,d wc,r1<5 best This grout sets to the consistency of peanut 
butter, so leaks can always t)e rep2ire1 ·1y re-nac~ing rhe grout. Several methods have oeen 
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used to mi.x the grout including a cement mixe: . ;,i centri .uual pump, and a grout mixer. The most 
convenient method seems to be tne grout mIxtJr The I.Jf(Jur tne mixar tne oaner. · Aller mixing-, 
the grout is poured into a wheel barrow and tn<Jn Jump1:.:a ,n the trc:ncn. until it is lilied to tne top. 
The outer ring is then littea and centered over Ille .rencn a, .a pustlco 1nI0 place. A oarm(Fig. 7) is 
tnen built around tne outer ring to keep the pa, ·,eI~ rrom oc.wmg wne211 tntt ring Is filled with water. 
The berm also provides overourden on tne grout i.1 reau.;a tnu cn~r,ce at a 0Iawou1. 

Inner Ring 

The inner ring is embedded in a nar.o" trencn, , to 2 in. wide and 4 to 6 in. deep, 
centered within the outer ring . If excavating th1: tn. ncn oy rianu. a masons or Orick hammer works 
best. A more convenient method of axc:ivating a t, enct1 .s oy usin<J a cnain saw. A special cnain, 
one witn cattlide tips brazea on tne cnain. Is n1::.:dc :l. Oner: tnd trencn is axcavated, rt is filled wnh 
grout then tne inner nng is centereo over the tr.;:ncn and thtJn pust,ca into place. 

Tenslometers 

The position at the waning front during I,1a to~t is needed wnen calculating hydraulic 
conductivity from tne infiltration rate. T&ns10mu1e1ci can of: used tor this purpose. A tansiometer 
is a device use<l to measure soil suction. It consi:: Is ol a. sualad plastic tube witn a porous tip on 
one end(Fig. 8). When. tne porous lip is placed in unsatLiratuo soil. waIar will oe drawn out 01 tne 
tube and the gage will re~tster a suction. Wr,en ine watung front passes tna tip , the soil will 
oecome saturate<l and the suction will go tei z11ro. Thu depth ot tne waning tront can l:le 
aetermined then by noting when 1ne gage raac,ng goes 10 z.e,o. 

Tensiometers are widely used i,:, the agl"iOJ,tural o.rea.and thu rypical method of installation 
involves aiving a pipe into tne ground to torm ~ nLle anel tnen pu:::;hing tne tensiometer in place. 
This installation procedure may cause cracking ir, a cornpaeted soil and a prelerred method of 
instaJlaoon involves pre auguring a nole witn a.auvic..a suer, as mat snown in Fig. 9. 

Typically nine tensiometers are usoel pur tJst, tn,e..: at each depth of 6 in. , 12 in., and , 8 
in •• 

FIiiing the Rings 

Botn rings are filled sirrultaneously. A ~pt •• shboc;rc is placed on the grcund between the 
inner and outer ring and water trom a hose is 0Ire ... 1ed on it. The pons on the inner nng are Ian 
open. As the water level in the outer ring risas 10 tne level ot tna ports in tne inner, it flows 

,.. through tna ports until the inner ring is Iill&d. Tho ouwr nng is filled 10 a depth ol 12 in. Once 
tille·a: tne inner ring is tapped to dislo<lge air tiubbh!:i tr.ipped inside so tnat they rise and pass out 
tne top vent pen. 

Connecting the Fittings 

Barbed fittings that make it convenient 10 connect ana disconnact tubing are installed in 
the ports. A length 01 tubing that is plugged on o, 10 enc is anacned to tne top flusn pan. This 
port is used to l:ll~ed air that may aCCJmulate in:::;iac: tne inn1::r nng dunng tne test. A second piece 
at tubing is attacneo 10 tne inlet pan. The llexicte cag is anacnea to tne otner otner end of tnis 
tube. A top view of tne SOAI installed along w11n 1er,sIomeIers is shown 1n Fig. 10. 

Covering tne Rings 

Temperature changes can cause the i,,ner ring to expand and contract thereby 
introducing error into the !low measurement. Covenng the rings w,tn a tarp will serve to insulate 
tne rang ano reouca temperature cnanges In th1! wJter. Blocking sunlignt from tM water in tne 
nngs also inn1011s me growth of algae wnicn can clo~ the tuo1ng and rustnct flow into tt'le inner ring. 
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A frame made from 2x4's is placed on top of the outer ring to support the tarp. If 
temperature fluctuations continue 10 be .1 prob·,1m, panels of insulating material can be placed of 
the top of the 2x4's. 

FLOW Mf:ASUREMENTS 

As mentioned previour.ly , flow rT 1easur •~m11nts are made with the flexible bag. The bag is 
filled water, weighed, connected to a port on 1ne inner ring, and submerged in the water ot lhe 
outer ring. Any water that flows out or t1·1e innm ring into tne ground will be replaced by an equal 
amount of water from the bag. Pnr1odically, 1r,e bag is removed and weighed to determine the 
amount of water that was lost. This weiqht loss, converted to a volume, is equal to the volume of 
water that infiltrated the ground while 1ne bag v,a!=- connected to the inner ring. 

The flow measurement data is used to construct a plot of infiltration versus time. For 
unsaturated soils sucn as compac;ted clay liner:; and cove~. infiltration decreases with lime at first. 
changing rapidly at the oeginning of tt,e test, and then eventually becoming constant with time·as 
the soil becomes saturated. Consequently, more frequent readings are needed at the beginning 
at the test and less frequent reading:; .:irr: need as the flow rate becomes ·steady~ 

It should be notr.d thnt it is not nece :;s.iry to have the bag connected to the inner ring 
contlnuously throughout the test. The bag only need be connected to the inner ring to obtain 
enough points to define the infiltration versus time curve. The infiltration rate is not affected Cy 
trie presence or aosence ot the bag . 

FACTORS THAT J\FFEr~T FLOW MEASUREMENTS 

Two factors that can introduc~ cause "rror in the measured flow rate are temperature and 
swelling at the soil. Methods to acr.ount for thr·se lactors are discussed below. 

Temperature 

A change in temperature wil' c=3use the inner ring and the water contained within It to 
expand and contract. The net elfoct of ot thl!Se volume changes is that approximately 50 cc of 
water will flow in or out 01 ine bag tor P.ach degr11e CAlsiu~ change in temperature. 

There are several ways ta rninimize the problem of temperature changes. First, the 
amount at temperature change that occurs c;,n be reduced by insulating the rings. Second, the 
bag can be connected and drsconnecte,j whe'l the water in the rings is at the same temperature. 
Even though the temperature may have fluctu-3ted while the bag was connected to the ring, it the 
system returns to the same temperature, tM riet llow at water in and ou1 of the oag due to 
temperature will be zero Finnlly , the b;ig can bo left connected to the Inner ring long enough so 
trial the volume of flow that occurs due to temDerJture cl1ange will be small compared to that due 
to infiltration. For example. 11 tho bag is lerr connected until 2000 cc of flow occurs and the 
temperature change is 4 °c. than tne ern:,r is ,nly 10%, an acceptable amount lor1his type of test. 

Swell 

Many earthen liners and covers are cc nst iJcted of clays with high stirink-swell potential. If 
the soil being tested is 1nit1.1l1y unsait,rated, it 11ill swell c1s water infiltrates rt. The !low measured 
from the flexible oag includP.s 00th 1hr i .imoun: tal(en up by swell and the amount passing througn 
the soil. A means for separating the two is neE·ded 1n order to calOJlate k. 

One method -that can be usr·d is to rne.,sure the elevation of the inner ring. Once the 
wetting front passes below the bottom of tl"lf• inner rin9, the ring wilt nse as the soil beneath it 
swells . A plot or swell ver:::us rime c.1n t ,c con :trt1ct0.d. II it 1s assumed that the swell occurs in the 
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saturated soil, then the amount of flow 1ha1 ,vc-11t i. 110 S.Ndll i:i aqu .. 1 ta ltle elevation change of the 
inner ring that occurred wnile tne b"g was cunr,actt::a mw111phed Oy tne a,e:a ot tne inner ring. 
Suctractmg tnis amount lrom tne total lluw me~.su, dd 11:1~11l:s tnl! a11 ,owni wn1cn flowed through tne 
soil. This is tna amount that snould b~ uscsd to ;;.:u, u1a1~ ,\ . 

CALCULATIOI~ Of INFIL.fAATION 

The calOJlation of infiltration (I) i!i straignt !c.iward ana i:i det~rmined as follows: 

~ Q/(,'-.() 

where: 
I .. intiltr aticn (cm'suc) 

Q .. velum£: ul flov. (cm3) 
A .a area 01 I.OW (Cln2) 
t :.a time 1ntt:rvaJ 1n wn1cn Q was aetermined 

(sec) 

CALCULATION OF HYOR.~ULIC CONDUCTIVITY 

The calculation ot hydraulic conductivity (k1 is also ~1raight torward and can be determined 
as follows: 

k .. 0/(iAI) 

where: 

since: 

then: 

Q • volume ul llow (cm3) 
A • area 0111.:iw (cm2) 
t • time 1ntl!,vaJ 1n wt1ict1 Q was determined 

(sac) 
- gradiunt 
-t.r.J~ 

.1.h • head 10$ .i 
6.S • . lttngtri 01 tlow patn tor which Ml is measured 

• 0/(At) 

k • Vi 

While the cala.Jlation of hydraulic c0nductiv11y seems relatively simple, the difficulty lies in 
tt,e determination of tne gradient. The problem i!; one ot saturatea - unsaturated llow. At the 
present time tnere is controversy about wnat etlc:ct 5oil ~uction has on the infiltration rate. Listed 
oetow are tnree methods tnat have been usea 10 c:i1culate k. Ttiese methods diller because at 
tne procedure used to calOJlate 1he gradient. 

Apparent Hydraulic Conductivity 

The assumption made when using thi::; niethod is ttiat tna soil layer being tested is 
saturated. The heaa loss through the layer 1s equai 10 UH: a1tterence in tne levels in p1ez0meters 
placea at the top ana cottom or tne layer as illust, JletJ 111 1= ig. 11 ;.i. The walt:r l&vel 1n the top 
p1ezome1er would rise to tne levf:!I of me: wa1er 1n 1ne outer ring. Tht: water level 1n the lower 
p1ezometer would be at the bottom ot the :i01I layt:r. rhe nt:ad 10s::; is equal to : 

a 

. __ __,, 



ilh • H i-0 
where : 

H - df!pth ot water in outer ring 
0 - 1n1ckne:;s of layer being tested 

The gradient is: - (H + D)ID 

For a test on a typical liner, H 2 1 ft. and D a 2 tt ., the gradient is 1.5. If the layer being 
tested is not saturated, this is a conservative P.5timate of hydraulic conductivity since the gradient 
will be larger than 1.5. · 

Suction Head Method 

The parameters used in this metl,od ar'? shown in Fig. 11 b. , where D is the depth to the 
wetting front and Hs is the suction head. The suction head is obtained from tensiometers 
installed below tne wetting lront. The gradient t'.; : 

• (H + 0 + Hs)/0 

The appeal of this method i:; the high gr:idients that can be obtained, and hence low 
hydraulic conductivities. II is not unusual to measure :.uctlon heads in excess ot 20 It. In a 
compacted clay liner. Suction I,~~ads ot this magriitude can yield gradients as high as 80. 

The problem with this methcd lies in th•? assumpt ion that the suction head can be added 
to the other gravrty head terms in the equation ror the gradient. To properly account for the ettect 
of suction on the infiltration rate . a non-linear analysis is required in whicti tne moisture 
characteristic curve as woll as tno rel :monship between· the degree ol saturation and hydraulic 
conductivrty for the soil being tested is used. 

The suction head that ~xists beneath the wetting front may cause some increase in the 
infiltration rate, however, the tull impact of it is not fe lt because hydraulic conductivity in the 
unsaturated zone is less than that in tt1e satumted zone. The effect of the high gradient is offset 
by tne fact that flow into the unsaturarnd zone 1s r•~sfricted by the lower k. Also, as water enters 
the unsaturated zone, the suction head i:. decr• ia5 11d. 

The author considers this mcth'Jd to Je unconservative and does not recommend its 
use. 

Wetting Front Method 

The parameters used the We1tinq Front Method c1re shown In Fig. 11 c. The equation for 
the gradient using tnis method is tht3 c. ame as thnt used in the Apparent Hydraulic Conductivity 
Method except that O 1n this case 1s tM •:lcpth 10 1110 wetting !rant. It is assumed that the suction 
head at the wetting front is zero. The range in •JradIent tor a test on a two foot thick liner with one 
foot of ponded water on it ,s shown in Fig. 12. 

Most of the reduction in the inf il tration r;i te for tests the author has performed can be 
accounted !or by the reduction in the gr.-idient ,hc,wn in Fig. 12. This observation lends support 
to tne opin ion that the ettect of suct,or, on tlle ,nti1tra11on rate is min,mal. The Wetting Front 
Method 1s tne recommended mettiod to us! "'nen C:Jlculating hydraulic conductivity from 
infiltration rate . 

TESTtl'-1G TIMES 
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In most cases, the soil being tes1ed will oe: JnSe1ILJrc.tcc ;inc tM initial !low will be transient. 
It is recommended mat a plot of inti11ra11on r;itu ... :i. 1.me Lit. n ,,1ue C "IOJlatea hyarau1ic conauctivity 
will tie correct only when the inlillra11on r:..ite 1s rt,:!S( ,nac1y st.:ady . . r ram l:xptmi.:ncl:, inf11tr.:won rate 
aacreases wuh 11me and becomes reasonably s,~.l iy a111::r 1 · •I wtt-.JK:; 01 sedp..ige. 

The length ol testing will depend on inc: typo of in1orma1ion desired. II steady-state 
inliltration is required, tne testing time can 06 a . nontn or mora. However, i1 the test 1s being 
perlormed only to conlirm that the intiltra1ion rail! ot nyur:..iulic conductivity is below a specified 
-.,a1ue, tnen the testing time may be as snort as se:•:eral aa~ s. For ,nstance, it che initial inriltration 
rates are below the required Yalue, anc the inti.tra11or1 r:.ite is accreasing wuh time, it is not 
necessary to wait tor steady flow to occur tei CLncluae ,n..it tnt: int111ration rate is below the 
specitiea -.,atue. Conversely, it tne in1t1a1 1nlr11r., ,on r.:ite:i are mucn larger tnan tne requirea 
infiltration rate, and the infiltration rate is not i.l£;l.fc:as11 ,g sign11icanuy witn time, then one can 
conclude that the infiltration rate excee:ds the rr;4u,, ed valul:. 

SUM,'.1..1 .RY 

Many regulatory agencies require tiuld testir1g to darnonstrate that the hydraulic 
conducti-.,ity of an earthen liner or CO'<ler is bi:lo .~ tna re:qu 1rad valu1::. 1nl1ltra1ion tests otter 
compelling advantages over other types of field ce::t. The.csc: advamagus include the ability ta test 
large areas and the tact that an infiltration 1t:1sr m.Jdels th.: c:1sa tor wi1ich tne liner or cover is 
designed, i.e. water pondea on tne surtaca. 

The SOAI is a double--ring inliltrometer tnat has baE:n rnodilied to overcome the problems 
associated wrtn testing ot liner and covers. The:5e ;:iroolem:. inc1uaa ~ large component ot lateral 
flow and measurement ot small cnanges in the waur IE:vel ciue to 10 ... , 1nl11tration rates. The large 
size and deep emoedmem ot the outer nng alimlf,ates the proolem of lateral flow. The sealed 
inner-ring eliminates the neea to measure small ch_1nges in tnc: water ,~vet and m.i1<es rt possible 
to measure tne volume ot water that infiltrates tht: 9: ound .:li1 actly. 

Two factors that affect flow measuromen.s ara temperature changes and swell. The 
problem at temperature cnange can be m1nim1zJa by 1n~ulating tht: rings, connecting and 
disconnecting tne bag wnen tne system 1s <11 11.a same te:mpe:ratura, and leaYing the bag 
connected to the inner ring long enougn so 1na1 thu flow dua t~ intinr..ition is s,gniticantly greater. 
tnen that due to temperature changes. 

Swell can be accounted for by measuring tne cn.:..nCJE: in ettjvation al the inner ring. This 
change in elevation multiplied by the area of the innu ring 1s dqual to the llow tnat went into swell. 

Se-.,eral method al calculating hydraulic cunduc1ivity were discussed. The ·Apparent 
Hydraulic Conductivity Methoa· is me most con:;ervative out does not require intarmatian on the 
location of tne waning front. The ·suction He . .1d Methoa· is unconservative and there are 
serious questions aoout its validity. The ·weuir,g Fram ~letnoct· accounts lor the position ot thtt 
wetting tront and is me recommended methoa tor o.~1armi,1mg k. 

ll 
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Figure 11 a. Apparent Hydrau lie Conductivity Method 
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APPENDIX C 
SDRI INFILTRATION AND PERMEABILITY DATA 



TEST FILL FLOW SUMMARY, TEST FILL #3 

COMBINED 
BAG WEIGHT TIME INFILTRATION 

WEIGHTS, LOSS, INTERVAL, RATE, PERMEABILITY, 
DAYS DATE GRAMS GRAMS SECONDS CM/SEC. CM/SEC. 
-------------------------------------------------------------------
2 l/16/91 6938.4 +338 
4 l/18/91. 6897.9 40.5 163,980 4.25xl0-8 l.42xl0-8 
7 l/21/91 6745.9 -152 257,400 l. 02xl0-7 3.39xl0-8 
9 l/23/91 6679.4 66.5 159,780 7.l7xl0-8 2.39xl0-8 
14 l/28/91 6427.l 252.3 431,340 l.Olxl0-7 3.36xl0-8 
16 1/30/91 6312. 9 114.2 174,600 l.13Xl0-7 3.76xl0-8 
18 2/1/91 6232.l 80.8 162,900 8.54Xl0-8 2.8sx10-8 
21 2/4/91 6120.7 111.4 257,340 7.46xl0-8 2.49xl0-8 
25 2/8/91 5921.8 198.9 341,700 l.OOXl0-7 3.33xl0-8 
28 2/11/91 5791. 0 l3Q.8 253,800 8.88xl0""'.8 2.96xl0-8 

"' 
32 2/15/91 5581.5 209.5 344,160 l.05xl0-7 J.50xl0-8 
42 2/25/91 4942.l 639.4 887,400 l.24xl0-7 4.l4Xl0-8 
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TEST FILL FLOW SUMMARY , TEST FILL #6 

COMBINED 
BAG WEIGHT INFILTRATION 

WEIGHTS, LOSS, RATE, PERMEABILITY, 
DAYS DATE GRAMS GRAMS 

TIME 
INTERVAL, 

SECONDS CM/SEC. CM/SEC. 

0 1/21/91 6020.2 
2 1/23/91 5945.7 74.5 159,780 8.0Jxl0-8 2.68xl0-8 
7 l/28/91 5838.l 107.6 431,340 4.JOxl0-8 l. 4-Jxl0-8 
9 l/30/91 5772.8 65.J 174,600 6.44Xl0-8 2.15xl0-8 
ll 2/1/91 5769.7 J.l 162,900 J.28xl0-9 l.lOxl0-9 
14 2/4/91 5487.0 282.7 257,340 l.89xl0-7 6.JOxl0-8 
18 2/1/91 6232.l 80.8 162,900 8.54xl0-8 2.85xl0-8 
21 2/ll/91 5172.5 144.9 253,800 9.80xl0-8 J.28xl0-8 
25 2/15/91 4980.9 191.6 344,160 4.SOxl0-8 l.SOxl0-8 
35 2/25/91 4570.5 410.4 887,400 7.97Xl0-8 2.66xl0-8 



TEST FILL FLOW SUMMARY, TEST FILL #7 

COMBINED 
BAG WEIGHT TIME INFILTRATION 

WEIGHTS, LOSS, INTERVAL, RATE, PERMEABILITY, 
DAYS DATE GRAMS GRAMS SECONDS CM/SEC. CM/SEC. 
-------------------------------------------------------------------
0 1/7/91 6855.2 
1 1/8/91 6825.0 30.2 73,800 7.00xl0-8 2.33xl0-8 
4 1/11/91 6716.l 108.9 244,800 7.66xl0-8 2.55xl0-8 
7 1/14/91 6364.9 351.2 2~4,600 2.29xl0-7 7.62xl0-8 
9 . 1/16/91 6296.8 68.l 172,800 6.79xl0-8 2.26xl0-8 
11 1/18/91 6264.6 32.2 163,980 3.38xl0-8 l.l3xl0-8 
14 1/21/91 6177.l 87.5 257,340 5.86xl0-8 l.95xl0-8 
16 1/23/91 6128.9 48.2 159,780 5.20xl0-8 l. 73xl0-8 
21 1/28/91 6004.5 124.4 431,340 4.97xl0-8 l.66xl0-8 
23 1/30/91 5952.4 52.l 174,600 5.l4xl0-8 l.7lxl0-8 
25 2/1/91 5914.1 38.3 162,900 4.05xl0-8 l.35xl0-8 
28 2/4/91 5865.6 48.5 · 257,340 3.25xl0-B l.08xl0-8 
32 2/8/91 5790.2 75.4 · 341,700 3.80Xl0-8 l.27xl0-8 

'"' 35 2/11/91 5746.3 44.2 253,800 3.00xl0-8 9.99xl0-9 
39 2/15/91 5670.5 75.8 344,160 3.79xl0-8 l.26xl0-8 r,--, 
49 2/25/91 5463.3 207.2 887,400 4.02xl0-8 l.34Xl0-8 

,,, .. 
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April 10, 1991 

Koiscr Engineers Hanford Company 
P.O. Box 888 
Richland, Wushington 99352 

ATT~NTION: Mr, Steve Peterson 

SUOJ ECT: Additional Information 
W-105 Part B Pennit Application 

,~ Gentlemen: 

F' • C, l 

; ,,• ,; •• '. ; 1· ,• _ 
;. ,~ .- , . \ ~• I , ~ I 

. '. •• ·"" ,-.-. .. J. • .. 

-• ; :- ,;_ / 1j ~ I 
' .. :. . . : . -,~ -:- , r: .. . 

In ~ccordance with your request of April 9, 1991, we have reviewed 
the potential for scour and piping in the gravel dikes of the w-105 
project. 

Out· analysis indicates that, under all liner leakage cond i tions 
(excluding total loss of the liner), piping or scour are not 
expe c ted to imp~ct the stability of the gravel dikes. 

If you have any questions regarding this letter, or if we can be o f 
fu~ther service, please call us. 

Resp~ctfully Submitted, 
CHEU - UORTHF.RN, INC. 

C/!-< ~ ,Y1 U. «!~ L>J!<;/ 
~ B1.·.ian ~ 1/.wp:5~,ams, P,G. 
7 ~chnica~ f.ngineer 

\ . •. \ .- . ~\\. 
~~ 

< u.rrif ~-,P.E. 
bi vl ~-;.1'Qr1i Han.1<je1r 
' . ' . : ·/ ... .. : '_:: ;/' '< :: :·· ,·: ,--~.{;, 

• -. ·.:. 71 
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PIPING AND SCOUR 

Piping is a progressive ~rosion and transport mechanism which may 
occL1t' when seepage forces ·through a water-retaining embankment 
cause erosion at the downstream face of the embankment. The erosion 
progcesses upgradient from the face of the embankment and 
eventually encounters the impounded fluid, precipitating a massive 
loss of fluid. The primary factors controlling piping are 
emt·,,1nkment grain size and the exit velocity of seepage water 
Chrouqh the embankment. 

Scour is an opcn-surfaco erosion mechanism which may occur when 
free-field water velocities are of sufficient velocity to erode and 
transport particles, in accordance with Stokes law. The primary 
factors controlling scour are water velocity and grain size. 

The basic a~sumption behind potential piping or scour is that a 
pht"eatic surface has formed through or below the water-retaining 
embankment, and that th~ seepage forces along, inside, or 
do~nstream (outside) of the embankm~nt are sufficient to erect~ the 
embankment soils. 

At the W-105 project, under all conditions except complete loss of 
the linar, no phreatic surface is expected to develop throu~h the 
emb~nkmcnt which exits outside (downstream) of the embankment. The 
re-a!~ons for this include: 

o Groundwater at the project site is more than 150 feet below 
the ground surface. 

o The in-place permeability of the native soils is relatively 
high, ranging from about 5.5xl0-4 centimeters per second to 
1 centimeter per second (Chen-Northern, 1990) . 

Considering ~ha relatively deep groundw~ter and relatively high 
r~t~ of subsurface permeability, pond leakage (through the liner 
sy~c~m) will tend to migrate vertically downward. In the case of 
thi~ vertical flow, the basic mechanisms precipitating scour and 
piping cannot occur, and therefore neither piping or scour is 
cxpactcd to impact the stability of the gravel dikes at the W-105 
project. 

, - • 1 • ., . "'· , ~ •• 1 .. ~ • • • r . ... ~ 
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Chen:? Northern. r 11c. 

March 26, 1991 

Kaiser Engineers Hanford Company 
P.O. Box 888 
Richland, Washington 99352 

ATTENTION: Mr. Steve Peterson 

. ., ,,,,·,,,:" •:·· ·•: · . , .... ...... , ,,-:: 

:,:• .: ~;,v111 !It•·"-·••·~·, , 
r"O ttr,• , ' kt)' 

:-,, .c: ,:,c: 'N~sr. 1,,,,,<", ' t"JOZ 

',n•1, .. 1, . 1r.; • 
~0!:' ~-.i-:- : lj i:l F.,c~:m•••• 

SUBJECT: Additional Information for Project W-105, 
Part B Permit Application 

Gentlemen: 

In accordance with your request of March 19, 1991, we have prepared 
the enclosed information. We understand that this information will 
be used to assist in your compilation of the W-105 Part B permit 
application. The requested information included the following: 

o Shear strength of the soil-bentonite liner 

o Dike stability using the program STABLE or equivalent 

o Settlement, subsidence, and uplift stresses on the liner 

If you have any questions regarding this letter, or if we can be o f 
further service, please contact us. 

[II IHI ·· Attachment 3-2 
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SHEAR STRENGTH OF SOIL-BENTONITE 

At the direction of Kaiser Engineers Hanford Company, direct shear 
tests were performed on soil-bentonite composites at 16 percent and 
18 percent bentonite content. These tests were performed in 
October, 1990. The results are summarized below, and are presented 
in Appendix A, "Shear Strength Test Results". 

Mohr-coulomb Shear 
Strength Parameter, Cohesion, 

g, 
0 Bentonite Degrees Kips per Square Foot 

16 28 0.55 

18 22 a.so 

Golder Associates (June, 1990) established a Mohr-Coulomb shear 
strength parameter of 36 degrees for the soil-bentonite composite 
using 8 percent bentonite. 

A soil-bentonite composite using a nominal 12 percent bentonite was 
chosen for construction. Based on the above results, our engineers 
estimated that a conservative minimum Mohr-Coulomb Shear Strength 
parameter of JO degrees was appropriate for the nominal 12 percent 
soil-bentonite combination. 

DIKE STABILITY 

Dike stability analysis was performed using the program PCSTABLS 
(Purdue University, 1986). Stability analysis was performed on the 
dike slopes prior to and subsequent to soil composite application, 
under both static and dynamic conditions. The analyses assumed the 
most critical pond condition of no impoundment fluid. The results 
of the analyses are summarized below. Assumptions and parameters 
used in the calculations are presented in Appendix B, "Dike 
Stability Analysis". 

Minimum Factor of Safety for W-105 Dike Slopes Under 
Static and Dynamic (Horizontal Acceleration) Conditions 

Static 

1. 77 

0.10 g 

l.JJ 

0.15 g 

1.17 

0.20 g 

1.04 

Generally, a minimum factor of safety of 1.5 for static conditions 
and 1.1 for dynamic conditions is considered appropriate for the 
type of proposed construction. 

The dynamic conditions of a. lg to O. lSg acceleration have been 
presented by several sources (Blume, 1971, Dames and Moore, 1986; 
Golder Associates, 1990, and WSDOE 1990 and 1991) . The dynamic 

1 
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condition of 0.2g acceleration is presented by the Uniform Building 
Code, for the general area of Category 2 Seismic Risk Region. 

Based on the results of the calculations, it appears that the W-105 
dike slopes will be stable under static conditions, and under the 
maximum locally anticipated earthquake. 

SETTLEMENT, SUBSIDENCE, AND UPLIFT STRESSES ON THE LINER 

Uplift Stresses 

Based on the design of the soil-bentonite liner, no structural 
uplift stresses are present. 

Uplift stresses from natural 
negligible impact on the liner. 
upon the following: 

sources are expected to have 
This conclusion is based, in part, 

1. The groundwater table is greater than 100 feet below the 
proposed construction site (Chen-Northern, 1990), mean 
annual rainfall is less than 6. 25 inches ( Battelle , 
1983), and the average unsaturated permeability of the 
soils near the basin bottoms ranges from about 5.5xl0-4 
cm/sec to about 1 cm/sec (Chen-Northern, 1990). 
Therefore, no hydrostatic uplift forces are expected to 
develop in the soils underlying the basins. 

2. The primary soils under the basins are gravel and sand 
with no organic componeents (Chen-Northern, 1990). These 
soils are generally not considered capable of producing 
gasses through reaction with. water or degradation of 
organic materials. Therefore, uplift from natural gaseous 
sources is not anticipated. 

Subsidence 

Subsidence is a process attributed to ground loss into a void such 
as old mine workings or karst ( erosive limestone) topography. 
Neither of these conditions is present at the W-105 site. 
Therefore, subsidence is anticipated to be of no consequence for 
this project . 

Settlement 

Settlement was calculated for the gravel foundation soils and for 
the soil-bentonite composite, under the condition of hydrostatic 
loading from 21 feet of fluid depth. The combined settlement for 
the soils is expected to be about 1 inch. This amount of settlement 
is expected to have minimal impact on overall liner or basin 
stability. Settlement calculations are included in Appendix C, 
"Calculation of Settlement". 

2 
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REPORT TO: 

(406) 248-9161 
FAX (406) 248-9282 

CHEN-NORTHERN, INC. 
ATTN: DEE BURRIE 
2214 NORTH 4TH AVENUE 
PO BOX 2601 
TRI-CITIES, WA 99302 

DATE: 
JOB NU~El;\µer 5, 1990 
SHEE~ oF7 -601 
INVOICE Nb.: J 

104380 

REPORT OF: Direct Shear Tests Kaiser Engineers Project WlOS (Job No. 86-1905) 

Sample Identification: 

.... ........ :- .J -

On September 28, 1990, we received two soil samples from the subject projects 
with instructions to perform six direct shear tests. The test specimens were 
performed at the unit weights, moisture conditions and normal leads specified in 
your instructions. The tests were prepared and performed in general accordance 
with ASTM, 0-3080 Test procedures. The rc~ults of the tests are inc luded on the 
attached plates. 

clz 

AS A WUT\JAl. PROTECTION TO CLIENrS, THE PUIILIC ANO OUll:il:LVtS. ALL At.;l'OlllS Allt ~UUMlnl:O AS Ille CON~10tNIIAL 1'1401•.0ftt~E!ntt,1~9 MJIHQMILAIIUN FOH 

PUOUCATION Of STAIEMl:NIS. CONU.USIONS Cit (XIHM.:JS •IIOW Ult 111,t.AIIUIHC OUII 111:f'OHIS IS Ht:itHVt:0 l'l:NOING OUH WfllllEN At'l'tlOvAI.. .SAWl'l.tiS WILL Ot Ot:if"OSEll 

Of AFTEA TESTING 1S (;QMPI.ETtO UNLESS (]l'Htll AAMANGcMlNIS AIIE AlillHO TO IN WIUIING. 



;)i\11,\,.C. l~U. ; ..JJ:J ~U l"IUl.llUl\1. 1.Ul'IILl'II .:o. J ... 

CLAS 5 IF I C,\T I ON Silty sand with 113',;: tcnton 
rR1CTION /\NGLE 22° 
COHC~ION INTERCEPT ; 0.50 Ksf 
SHE/\R RATE 0.0072 inch/minute 

J,---.,----,----,---...,...---r----r--- -- - ·-- ·--

N 

l 
------s---s~-----1---4----+---~--4----1----+---~ 

T 
N 

I-
0 
0 
i.. 

..... 2 
a: 
c.J.: 
::::i 
Cl 
Vl 

a: ..... 
Q,. 

Vl 
Q,. 

::.:: 

Vl 
Vl ..... 
a:: 
I-
Vl 

n::: 1 
<( ..... 
:c: 
Vl 

Q'----,_J,,_-..--L.---'---~1 ________ _.,_ _ __._ __ 2~-....__--1,. __ ..__-!3 

NOR/1/\L STRESS, Y.. I PS PER SQU/\R£ FOOT 

0 SATURATED 
0 FIELD MOISTURE COtlTENT 

KAISER ENGINEERS PROJECT Wl05 
Chen-Northern, Inc. 

·----t••··~---·--
CHEN-NORTHERN, INC. Attachment 3-8 

JOO tlO. 87-601 PLATE tlO . l 
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I I ri;-. 

DRILL HOLE: 
DEPTH : 
SAMPLE NO. : 39917 

REMOLDED 
DIRECT SHEAR TEST 

1101ST UNIT \.JEIGHT : 
DRY UN IT \.JE I GHT 
MOISTURE CONT(~T 
CLJ\SSIFIC/\TION 
FR I CT I ON /\NGLE 
COHESION INTERCEPT: 
SHEAR RI\ TE 

112.9 pcf 
92.7 pcf 
21. 7% 
Silty sand with 16% l:entonit 
28° 
0.55 Ksf 
0.0072 inch/minute 

.--...... --~---,,---,---..---.--------,---,---,----.--~ 

N 

l 

... 
0 
0 
La.. 

.... 2 a:: 

~si----+------j---+---+----+---+---+-----4 
s-~ 

T . 
N 

c( 
::i 
Cl 
V, 

a: .... 
a. 
V, 

a. -:.:: 
V, 

v/ 
/ 

V, .... 
a:: ... 
V, 

<"<: 1 
c( .... 
:I: 
V, 

a l 2 3 

NOr.11AL STR(SS, Kl r~ PER SQU/\RE FOOT 

0 SATURATED 
0 FIELD MOISTURE COrtTCNT 

KAISER ENGINEERS PROJECT Wl05 
Chen-Northern, Inc. 

· ----u.1...!.!.!J ... - ... . -

CHEN-NORTHERN, INC\ Attachment 3-9 
JOf1 NO . 117-/501 PLAT( NO.?. 
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DIKE STABILITY ANALYSIS 
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Unit Weight: 135 pounds per cubic foot minimum; Maximum Dry Density 
JS determined by ASTM Dl557 Method A was 144.5 pounds per cubic 
foot (Chen-Northern, 1990) 

Mohr-Coulomb Shear Strength Angle: assumed Minimum of 33 degrees. 

Soil-Bentonite 

Unit Weight: 100 pounds per cubic foot, ·as determined during test 
fill construction, 1990 Kaiser Engineers Hanford Company in-house 
report. 

Mohr-Coulomb Shear Strength Angle: assumed Minimum of JO degrees. 

All analyses were performed using 3 horizontal: l vertical slopes. 

Analyses were performed at an assumed critical state of no fluid in 
irnpoundment; fluid in the lined impoundment would tend to act as 
buttressing effect for the slopes. 

Analyses were performed with so.ils at in-place moisture, and not at 
saturated conditions. Since the basins are to be lined with a 
double-composite system, the assumption was made that any leakage 
through the liner would tend to be minimized by leachate collection 
system, and would be localized. Localized leakage is not 
anticipated to affect liner stability. 
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F:1.11, Date: 

t,y 
Purdue Universitv 

--Slope St~b1lity Analysis-
Simplified Jdnbu, S1mpl1fied Bishop 

or Spencer ' s Method of Slices 

Time of Rr.m: 
21::, MARCH 19'~ 1 
13:45 

J;:,.m By: 
Input Data Filename: 
Ci•Jtp1Jt Filename: 

B. WI LL I AMS 
W105 
t,J105 .OUT 

PROBLEM DESCRIPTION KEH W-105 COMPLETED BASIN SLOPES 

BOUNDARY COORDINATES 

J. Top Boundaries 
6 Total Boundaries 

Bo ,.1n da r·y X-Left Y-Left X-F'.iqr1t Y-F:i•Jht Soi 1 Type 
No . ( ft) ( ft) ( ft) ( ft) Below Bn,i 

l • (H) 20.0(1 
::: 60.00 20.00 
·-· 150.00 50.00 
J. 15::: . 00 50. 0(1 
C' -· . 00 1 7. 01) 

,:;, 1::,0. ()(I 1 7. 00 

ISOTROPIC SOIL PARAMETERS 

2 Type(s) of Soil 

Soil 
Type 

No. 

1 
·""'.• 

Total 
Unit Wt. 

(pcf) 

l O 1 • ,:, 
135. (I 

Sa t 1.1 l' a t e ,j 

Unit Wt. 
(per) 

1 ,:, 1 • (> 

L3'::~.(l 

Cohes i 01·, 

In te1'cept 
( i=•S f) 

• (1 

• (l 

1;.(I. (1(1 
150 . 00 
t 5:::. (H) 

210. 1)1) 

,:.(). 00 
t 5:::. (H) 

Friction 
An9le 
C: do:.> •J) 

30.0 
::::: . • 0 

20.00 
50.00 
5(J .00 
5(>. (l(l 
17.00 
5(1.1)(1 

Por·e Pr·ess1.1r·e 
Pr· es s 1.1 l' e 

Par·am. 

• (H) 

. 0(1 

Constant 
(psf) 

.o 
• (l 

l 
1 
1 
.-. ... 
.-. -
:.:: 

Piez. 
S1J ,,face 

No. 

1 
l 
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11:, S•.11·-faces Ir,1t1~,te 17J"·om Edch Of 10 
Alon,~ The C•i"·o•.1nd S•.1r·fac~ [1e.•tweer, X = 

Po .i. n ts 
,:.() • ,)(> 

l ,)(>. 1:11) 

E 0:i•.1al lv Spc.1ce 0.t 

f- t. 
... 11·, ,:I X .:: f L • 

Each Surface Terminates Between X = l O . i)(l ft • 
and X = 150.00 ft. 

Unless Further Limitations Were Imposed. The Minimum Ele~ation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. Th~v Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated 8y The Modified Janbu Method*~ 

Failure Surface Specified 8y 5 Coordinate Points 

Poi r, t 
No. 

l 
:.:: 

..,. 
·-' 

*** 

X-Sur·f 
(ft) 

77. 7 :::: 
:::2. 75 
:;7. -ll::, 
·=- 1 • :::4 
93. 3,) 

1 . 773 

Y-Su,··f 
(ft) 

:::s.·~3 
:.::1::- ... J..3 
-.::::: . 11 
3(). 52 
:::1.10 

Failure Surface Specified 8y ~ Coordinate Points 

Point 
No. 

1 .. , 
.;;. 

. .:,:. 

J. 
r:: 
·-' 

'=· 
7 

*** 

X-S,.1r·f 
( f t ) 

11)(>. (H) 

l OJ.. ·~7 
1 o·=... ·=-.J. 
1 1 J. . :=: l 
1 1 ·:... 42 
i-.::3. ·=i:.:: 
l :.:: :: : . :.:::.:: 
l :.:: :=::: • ..i..i 

1. 7:f, 

Y-S,.1 r· f 
( t t ) 

-- --.,:_ .. .,.: .. . .:,: .. ~. 
-:-~ ·=··=· -··-·. ·-··-· 
34. J.0 
"":"'t:"' c:;- c.• 
. .,.:,._ .. ·-··-' 
37 . ..i:~: 
3-:,. f:., 7 
J.2 . .:: 1 
42. :.:: 1 
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Fa1.lui'e .S•.11"· tace Si:,ec1f1e,.1 E1y 4 Coor·d1r,.ate Po1,-,ts 

Po 10-, t 
No. 

2 

u. 

*** 

x-s,_1·,-- f 
( t t ) 

73.33 
7:::: . 27 
::::::: • ' ji:, 

::::3. 6.:1 

*** 

Y-51.1 i-· f 
(ft) 

24 • u.,1 
25.21 

Failure Surface Specified By 6 Coordinate Points 

Point 
No. 

1 
2 
.,:;. 

,: 
·-' 
6 

*** 

X-S•.tl"·f 
(ft> 

91 . 11 
·;,6. 11 

100. ·;,1::, 
1(15.70 
1 o•;,. 65 
1 o·;,. ·;,:::: 

Y-S 1.1 i-·f 
<.ft) 

30.37 
30.30 
31 .52 
33. 12 
3'-:,. 1:::: 

Failure Surface S~ecified By 6 Coordinate Points 

Point 
No. 

1 

3 

<=' ._, 

*** 

Po.1.nt 
No_ 

X-S,_li-·f 
( t t) 

60 • l)I) 
'-:,.:.1.. ,;,::;: 
1=,-::,. 57 
7.:J.. l 0 
7:'::: • .:1·;, 
7 :::: 0 54 

1 • :?, 2':, 

X-51.1 ,- f 
( t· t ) 

/:.( , • 1:11) 

l;, .J. • ·~1 •:1 

1-:.-:1 • ':,,:. 

Y-S,.1 i-· f 

( ft ) 

20. I)(> 

19. 5:::: . 
21 .57 
23.70 
26. ,):::: 
::: '=· • t :=:: 

Y-Su ,-- 1' 

< rt >· 

.::1:, _ (1,:, 

.::o. :.::s 
::::~ - :>~ 
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t 

l -

Po 1 n t 
No. 

1 
~-
. .:,;, 

C' 

·-' 

*** 

X-S,.1r· I· 
i t t ) 

11)(1 • ~;.:, 

105. 2.J. 
10·:.i . i::-3 
113.1)6 

*** 

Y-S,.1,·· f 
( t t '> 

31 • :::5 
31 • 12 
32.7(1 
35. 10 
37.69 

Failure Surface Specified Bv 4 Coordinate Points 

Poi r, t 
No. 

1 
·~· 
·-· 
4 

*** 

X-S,.11·f 
( f t ) 

1 ()(). (ll) 
11)5. (ll) 
109 • .:11:::. 
110.02 

Y-51.1 r·f 
(ft) 

~- ~~ . ·,. · .. . ·,. ·, 
33 .42 . 
35.67 
36.67 

Failure Surface Specified Bv 6 Coordinate Points 

Point 
No. 

l 
·4:• 

·-· 
4 
c:' 

·-' 

*** 

X-S,.11~f 
(ft} 

100. (11) 

l 0.:1. •:;,4 
1 (>•:;,. 70 
114. J.::: 
1 1 ::: • 15 
1 1 ::: • 25 

*** 

Y-S,.11'f 
(ft) 

-- --.. .. ·-.. . ·-.. . 
~ -- , c="C" 
-~-,..;.. --•·-' 

35.5J. 
3:::. 94 
3,:-,, • J.2 

Failure Surface Specified By 7 Coordinate Points 

Po 1 r, t 
No. 

X-S1.1 1·· f 
( t t ) 

·f-S•.1 r·f 
(ft > 
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. ' 

bv 
Purdue Un1~ers1tv 

--Slope Stabil1tv Analysis-
S1mpl1f1ed Janbu, Simplified Bishop 

or Spencer ' s Method of Slices 

F.:1.m Date: 
T i me o f F.: •.m : 
R1.1n 8v: 
Input Data Filename: 
Outp•.it Filename: 

PF.:08LEM DESCRIPTION 

80UNOAF.:Y COORDINATES 

~ Top Boundaries 
6 Total Boundaries 

Bo 1.1r, da ry X-Left 

26 1'1AF.:CH 1 •::;,•:;, 1 
15:.:12 
B. WI LU AMS 
W1051 
t..J 1051. OUT 

KEH W-105 COMPLETED BASIN SLOPES 

Y-Left X -F.: i 9 h t v -F.: i ,1 r, t Soi l Tyi:,e 
No . ( ft) ( ft) (ft) <. ft) Below 8r,d 

1 • 1)(1 :::o • (i (J 
.-, 

t,O. 00 20.0(1 .;. 

. .:,;. 150.00 51) • (H) 

.J 15::: . 00 5(>. (l(l 
,: .oo 1 7. (H) ·-' 
t, t ,(l. (H) 17.00 

ISOTROPIC SOIL PARAMETERS 

2 Type(s) of Soil 

So 1 l Total Sat 1.1 r·a t e d 
Type Unit wt. Unit Wt. 

No. (pcf) ( pcf> 

1 101 .0 101 .(I 
2 135.0 135. 0 

Cohesion 
Ir, t e r·c ep t 

( psf) 

.0 

.(l 

,:,0 . (,(I 
150 • (H) 

15:::. (l(l 
210 • (1(> 

t,(> • (11) 

15::: . 00 

F r· i c t i o ·,-, 
An°1 le 
(de9) 

30.0 
33.(> 

2(1. (H) 

50.00 
50.00 
5(>. (H) 

17.00 
50.00 

Pore P r essL11~e 
P ,•. e s s 1.1 ,~ e 

Pa i"·am. 

.00 

.00 

Constan t 
<'psf) 

.0 

.o 

1 
1 
1 
2 
2 
2 

Pie=. 
Sur·face 

No. 

1 
1 
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,. -
... 

11)(1. (11) 

1 O..J.. ·~·:+ 
11) ·-,1 • ~.,:. 

(If .10,:, Has Geen µ.~si,;_ir,e,j 

..::-.~· . -~· --· 

A v~rtical Edrthquake Lo~ding Coefficient 
Of .0(>0 Has 8ee1·, . Ass19r,ed 

Cavitation Pressure= 2100.0 psf 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Ir~egular Surfac~s, Has Been Specified. 

100 Trial Surfaces Have Been Generated. 

10 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface ·Between X = 60.00 ft. 

and X = 100.00 ft. 

Each Su~face Terminates Between 
an,j 

X = 110.00 ft. 
X = 150.00 ft. 

Unless Further L1mitat1ons Were Imposed. The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface . 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. Thev Are Ordered - Most Critical 
F11~st. 

**Safety Factor·s Ai·•e Calculated 8'y The Modified Jard:o•.l Method** 

Failure Surface Specified Bv 8 Coordinate Points 

Poi r, t 
No. 

.,. 

J. 
C: 
·-' 
'=· 
7 
:?, 

X-S,.1rf 
(ft> 

·-· . ·""".• ·-:, ._ ..... --
:::7. 1·:+ 
·=-<:. l 7 
97. (1::: 

1 (1 l • 1: . ..J. 
l O,: .• l o.l 
l lt:1 • ..J.5 
l l O. i:, 7 

1 . :::::s 

Y-S,.1 r·f 
(ft ! 

-::_7. J.1 
27 .·:+5 
2::: • ..J.7 
2•:;, • t:-2 
:::1. 5t.:, 
3~.::. 7o.l 
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Po 1 r, t 
r~o . 

1 

,;:-

·-· 
f;, 

7 
::< 
,:, 

10 
1 1 
12 
13 

*** 

X-S,.1 r · f 
( ~ t; ) 

64.44 
6 ·:i • 1 1 
73. 5 ·=-1 
7 ::: • J. :.:: 
:::3. -l 7 
.-,.-. ~--. ·=··=· • . ..,;,.._ 

•:,7. 93 
102 • . 37 
l 06. ·=:,i:, 
111. 12 
11 J.. J.6 
114. :35 

1 .1:,73 *** 

'f-S•.1r· f 
( rt > 

21 • J.:;: 
1 •:1. ~-7 
17.J.5 
1 :=:: . 45 
1 ::: • :::6 
20. 06 
21.16 
22. 7•:, 
25. ,)::: 
27.07 

33. 51:. 

Failure Surface S0ecified By 10 Coordinate Points 

Point 
No. 

l 
2 
. .;,;, 

C' 

·-' 

7 

*** 

X-S•.ll' f 
(ft) 

·=•·""'.• ·""'.• ·""'.• ,_,_ ....... 
:: :7. 1 c) 

91. ,:,7 
•:,6. •:,7 

101 • ,:,7 
106.75 
110.55 
11.:l.. 3:::: 
117.79 
119. 38 

1. 1:,74 

Y-S,.1 rf 
{ft) 

*** . 

27. J. l 
26.29 
25. 17 

25.J.2 
21:,. :::6 
30. 11 
~~ ~ ·""':• ·-··-· .. _ ..... 
36. ·=:,::: 
3,:;,. 7-~ 

Failure Surface Specified By 11 Coordinate Points 

Point 
No. 

l 
·"".• ... 
·~· 
C' 

·-' 
I:· 

7 

X-S,.11·-f 
(ft) 

,:,,:, • 22 
104. ::::.:: 
l O::: . J. 7 
1 l 2 . 77 
11 7 • ..J.5 
12.::. 35 

Y-S•.11·-f 
(ft) 

31. :::5 
::::::. 45 
::::::. 4,:, 

:::1. o·~ 
33.64 
35. 3 •.:, 
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!',, 

......._ 

1-

1 :,-. 

I 

l() 

l l 

*** 

1 3.J.. 72 
1 ::.5 • l)::. 

1 . 70:3 *** 

- J.. - .1. 

o..L..L. i:_.f:, 

<-1:':, • •.> 1 

Failure Surface Spec1f1~d By 12 Coordinate Points 

Point 
No. 

1 
2 .,.. 
....;, 

4 
C' 
·-' 
6 
7 
::: 
9 

10 
11 
12 

*** 

X-S•.l r-f 
(ft) 

73.33 
77. O:::: 
:::2. O::: 
:::7. 04 
90.52 
95.03 
9q_92 

104.68 
109.51 
11:.::.21 
116.00 
116.01 

1. 7.J.3 *** 

Y-S1.11·f 
(ft'> 

-.::.:1. 4.1 
21 • 14 
2(1. ·=i7 
21 . 5::: 
25. 1 ::: 
27.34 
2:=:. 3:=: 
2·1 • ·=- 1 
31 • 1 :;: 
35. 3 ·~ 
3:::. 64 
3:::. i:,7 

Failur~ Surface Specified By 11 Coordinate Points 

Poi r, t 
No. 

1 
.-. .... 
-~· 
.J. 
C: ~· 
i:., 
7 
:=: 
•:, 

10 
11 

*** 

y 

X-51.1 l'f 
(ft) 

:32 . 22 
86 • .J.9 
91.25 
96~24 

101.19 
105.38 
109.15 
112.98 
116.8.J. 
120.31 
120.50 

1. 7-11:-

• 1) (1 

*** 

A 

:t.,. :s 

Y-S•.11·-f 
(ft) 

27.41 
24. :::O 
23. -.::7 
:22. '15 
23.6d 
26.37 
29.b6 
32.86 
36.0d 
39.6.J. 
40 . 17 

X 

s.:~. 5(J 

I s 

7:~:. 7~. 

F T 

1 ,.~t ~t3§hmen t 1 ;-i2?:::s 
· x • 1)(1 +----- t; - l-+----------1----------+---------+---------+ 



I -I 

I 

A 52. 5t) + 

••• "=· 
••• I:, •• 

• • 6 • ,::, 
X 7:::. 75 + • • •• 6·~ .• 

- •••••• i:.9.1 
••••• /:,1)4 1 

- .••••.• 60413 
- ••••..• 6713 
- •••••••• 0":,4 12 

I 105. 00 ••.••.•••• 6:::31 

s 

F 

T 

- •••••••••• i:,531 
- •••••••••••• 1:,31.:, 
- ............ :::75 

........ :::() . 
,:, . . . . . ...... ·-· . 

131.25 + ·=· ......... ·-· . 

157.50 + 

1:33. 75 + 

21 (I. (H) + 

·=· ...... ·-· 

• i 

~ 

* 

A Horizontal Earthquake Loading Coefficient 
Of .150 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure= 2100.0 psf 

:A Critical Failure Surface Searchina Method, Using A Random 
Technique For Gen~rat1ng Irregular Surfaces. Has Ge~n Specified. 

Attachment 3-21 
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Alon •J Th e (, ,· o •.1n d Su,·f .at.::P E<e t;ween X - t -0. o,:, f t . 
1.:d1d ;\ - l •)I). ( ll :I rt . 

E.acr, S•.1i-·f ace Te ,·-m 1 r, a t 1? s Bc·twe;;,n X - 1 10.0(1 rt . 
ar,d X = 150.(10 ft . 

Ur.less F•.11··tr,e1·· Limitations .We1··e Inn:,ose•.1. Th~ Mi.-,:i.m•.1m Elev.=it1oro 
At Which A Surface Extrands Is Y = .00 ft. 

5.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. Thev Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated 8y The Modified Janbu Method* * 

Failure Surface Specified 8v 8 Coordinate Points 

Poi i-, t 
No. 

l 
2 
-~· 
.:1 
r:: 
·-' 
i;_. 

7 

*** 

X-Sur·f 
(ft) 

·=•·""'..• ·""'..• ·-:, ·-·-- ........ 
:~7. 1 ·1 
·12. l 7 
'17. 0 -3 

l O l • 6.J. 
l <)1: .• 14 
1 10 • .:.J.5 
110.1:-7 

1. lf:.. •1 

Y-Surf 
( f t ) 

27 • .:11 
27. -~5 
:.::::: • .:1 7 
29. r:,2 
31. 56 
33.74 

Failure Surface Specified Bv .:1 Coordinate Points 

Poi ·,, t 
No. 

1 

*** 

X-S,.1r·f 
(ft i 

1 (11) • 00 
l 04. ·1·1 
10·1. 51.::, 
111 . 07 

1 . ..::o..:: *** 

Y-5 I.I,-. f 
( 1° t 'i 

·-··-·. ·-··-· 
33.5':-' 
35.1:,3 
.37 . ( >2 

Failure Surface S0 e c 1f 1~d 8v 7 Coordinate Points 

Attachment 3-22 



,. 

Po 1 r, t 
No. 

1 
2 

5 

7 

*** 

' .. . - -. ·-··-· . --.·-
•:;, ::::. :::,:, 
,:,7. ,:,.3 

11):. 37 

X-S,.11··f 
(ft) 

91 • 11 
'1t:,. 1 1 

101 • l (> 

lOt, . 1)2 
110.02 
113. ,:,3 
114. (,::: 

1 • 311 *** 

:::o. 1)-=· 

.::: 1 • 1 I-;, 
::::..:: • 7•:, 

Y-5•.tr· f 
( ft) 

30.37 
.30.57 
30.75 
31 . /;,::: 
34. t:,7 
37. 7::: 
3:::. 03 

Failure Surface Specified Gv 8 Coordinate Points 

Point 
No. 

. .:,;. 

C" 
·-' 
/:, 

7 
,:., ·-· 

*** 

X-S,.11··f 
(ft) 

·=··~· --:, --:, ·-·-. --
!:!7. 20 
·12. 1 ·:,1 

96. ·10 
10 1 • :::2 
101:::,. 64 
1 o·:,i. •:;,t, 
11:::. J.2 

1 . . 3,:.4 

Y-Sl.l1·· f 
(ft) 

27.J.1 
2,:: .• -~5 
2.7.22 
:.:::.:: .92 
:.2•:,. 7::: 

31. 1::: 
34.:::t, 
37.J.7 

Failure Surface Specified 8y 6 Coordinate Points 

Poir,t 
No. 

l 

. .:,;. 

C" 
·-' 

*** 

X-Sur·f 
(ft) 

-~5 .5~, 
10(•. 52 
10':,. ,J.,:. 
110 • ,;.J.i) 
113.73 
11 t,. 4 ::: 

F a 1 l •.l 1· · e S •.t 1·· f a c e S i;, ~ C l r l ~ ,j 

Y-S,.11··f 
(ft) 

31 • :.::5 
31. :.::3 
31 • •:;,':, 
32. 71:, 
3f.,. 4•:, 

Bv 13 Co o r d1n6te Points 
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... ' 

No. 

-·-· 
J. 
C' _, 

'=· 
7 

·:.i 

10 
1 1 
12 

*** 

( f t ) 

r:.. :::-.-:: 
77. ,):::: 
::::.::. ( 1:=: 

:::7. ,)J. 

·=i() • 52 
95.,)3 
,::,,::,. •::,::: 

1 (14. ,:,::: 
1 o·;.. 51 
112.21 
116 • I)(> 

lli:, .01 

1 • 54:?, 

(ft) 

-~· ,.L • ,.L,.L 

.::1. 1..1 

:::o . ·:i7 
:::: 1 • ':,::: 
25. 1::: 
27 .3..1 
·"".••=· :"•=· -·-· . ·-··-· 
2 •::;.. ·:.i 1 
31 • 1:::: 
35. 3·;, 
.3 ::::. t,J. 

.3 ::: . C:• 7 

Failure Surface Specified By 11 Coordinate Points 

Point 
No. 

1 
-~· -
C' ~· 
6 
7 

,::;. 
1 (I 

11 

*** 

y 

X-S•.1 r· f 
(ft'> 

,: ,·-:• ·""'.• ·"":• ·-·~. --
::;:i:, •• 4 •::;. 

•::;.1. 25 
9,:, . 2.:J. 

1 (J 1 • 1 •::;. 
l 1)5. 3::: 
109. 15 
112. 9::: 
1 11:, • ::::.:J. 
120. 31 
120.50 

1. 54::: 

.00 

*** 

A 

2"-:,. :25 

Y-S•.11··f 
( ft) 

27.J.1 
2.J.. :::0 
23.27 

23.64 
2i:,. 37 
29.66 

3i:, . 04 
3 •::;,. ,: . .;.1. 

.;.1.(1. 1 7 

X 

52.5(> 

I s 

7::: . 75 

F T 

105. ( H) 13 1.25 

X .oo +-----*-*-+---------+---------+---------+---------+ 

21: . . 25 + 

A 52 . 5 ( > + Attachment 3-24 



0 

X 78.75 + ••••• o~ .. 
- ••••• I:·-~~ • l 
- ••••••• -=-•).J. l 

- ••••••• ':,(kL l :::: 

- • • •••••• I:, 7 1 .'::_", 
••••••••• 1)1:,d. 1 :2 

I l 05 . 00 ..••..•••• ,:,::::31 
- •••••••••• f ,5 3 1 
- •••••••••••• 1:-36 

s 131.25 + 

157.50 + 

F 1:33. 75 + 

T 210.00 + 

.-, -,C' 
• • • • • • • • • • •=• I -• 

•••••••••• ==:() • 

·=· ....... ·-· . 
·=· ......... ,_ .. 

·-· . . ..... ·-· 

. * 

A Hori:ontal Earthquake Loading Coefficient 
Of .200 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has 8een Assigned 

Cavitation Pressure= 2100.0 psf 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Irregular Surfaces, Has 8een Specified. 

100 Trial Surfaces Have 8een Generated. 

10 Surfaces Initiate From Each Of 10 Points Equally Spa~ed 
Along The Ground Surface 8etween X = 60.00 ft. 

and X = 100.00 ft. 

Edch S,.1i-·face Tei-·m1,-,ates Between 
ai-, ,j 

Un less F 1.11· · the 1·· L 1 m 1 tat 1 on •.; 
A t w r, 1 c r, A s ,_1 ,- f "'c: e:- E : : t ""ro ,.1 •.; 

X = 1 l I). 1)0 ft. 
X = l 5(, • (H) f t . 

r,n;:,ose,:t. 
'/ : • l)t) 



l 

"' 

-

1-
1 

I ._ 

Follow1nq ~re D1spldyed Th~ Ten Most Cr1tic6l Of The Trial 
Failure · Surfaces Exam1ncd. The y ~re Ordered - Most Crit1cal 
First. 

* t Sdfety Factors Are Calculated 8v The Modified Janbu Method* * 

Failure Surface Specified 8v 8 Coordinate Points 

Point 
No. 

2 
.:.:., 

4 
= ·-' 
I:· 

7 
.-. •::-

*** 

X-S•.1i-·f 
(ft) 

·=•·"":• ·""'.• ·"":• ·-·- ........ 
87.19 
92.17 
97.03 

101.b4 
106.14 
110.45 
110.67 

1 . 041 *** 

Y-S1.1rf 
( ft; 

27.41 
27. ':'5 
28.47 
29.62 
31.56 
33.74 
36.29 
36. :::·;, 

Failure Surface Specified 8v 4 Coordinate Points 

Point 
No. 

1 
·"":• 

4 

*** 

X-S•.H· f 
(ft > 

100. 00 
1 0 4 • ·:1·:1 
1 o·=-. 56 
111.07 

1. 071 *** 

Y-S,.1i-·f 
(ft) 

-- ---~ .. :.:., .. .;;, . .:,;. 
33. 5 ,;, 
35. ~-3 
37. ,:,::: 

Failure Surface Specified 8v 7 Coordinate Points 

Point 
No. 

1 
·""'.• 

.:.:., 

,J. 

C' _, 

r::, 

7 

X-S•.1rf 
( f t > 

•:"j 1 . 11 
91:, • 1 1 

101.10 
11)1:,, . ;:, ·.:: 

1.1 i:, • 0.:: 
l 1-:: . -~ .--:, 
l l .J.. ,) :::: 

Y-S•.trf 
(ft) 

30.37 
30.57 
3(>. 75 
31.68 
3~.67 
37.78 
38.,)~ Attachment 3-26 



.. . 

Point 
No. 

1 
·""'..· 

~ ·-· 
4 
,: 
·-' 
6 
7 
·-· ·-· 

X-S•Jr·f 
(ft i 

:;:2. 22 
:::7. 21) 
92. 19 

·=-1: .• ·=-o 
101.:::2 
101::: . • 64 
109. ·:'./,:. 
112.42 

1. 21 7 

Y-S,.1r·f 
(ft) 

27.41 

27 .22 

2 •:,. 7 ::: 
31.12 
34. :,::,:. 
37.47 

Failure Surface Sp~cified 8y o Coordinate Points 

Point 
No • 

l 
2 
. .::, 

4 
,: 

·-· 

X-S1.1r-f 
(ft ) 

-~5. 5,:. 
10(1 • 52 
l 05. 4,:, 

l l O • 40 
113.73 
1 11::,. 4 :: : 

1. 243 *** 

Y-S1.1 ,··f 
( ft) 

31. 23 
31. ,:,5 
3:::. 7,:. 
36. 4•:, 

Failure Surfac~ Sp~cifi~d By 13 Coordinate Points 

Poi r, t 
No. 

1 
·~· 

~_, 

(:_, 

7 

.·, 

X-S1.1r· f 
( t t ) 

64 . .:.l.4 
,:. •:, . l l 
73.5·'.t 
7 ::: . 4 ::: 
:,::3 . 4 7 
.-.. -. - --. ·-··-· .. -· -
·=t ·:. • :: ,) 
-~, 7. -~, -:: 

1 .:1~; . ·:.7 
l ,:, r;: . • ··11;. 

Y-S,.1r·f 
(ft ) 

21 • ,J.:;: 
1 •:;. 1:,7 

l 7 •. i..15 
l :: : . 4 5 
1 :~: . :> ::• 

:,2 (). ,:.,.:. 

:C: L • 1 r;. 

POOR t;Uf' . t:D 



.. 

Failure Surface S~ec1f1~d By 10 Coo~ctinat~ Points 

Point 
No. 

1 
·""'.• 

-= ·-' 
I:, 

7 
·=· ·-· ,-=, 

10 

X-S,.1r· f 
(ft) 

·=•·""'.• ·""'.· ·'"".• ·-·-. --
:.::7. l (1 

'j l. ·=o 
•:o; .• •-:,7 

101 .·=o 
106.75 
110.55 
114. 3:=: 
l l 7. 7,-=, 
l 1 •-:,. 3:=: 

1. 323 

Y-Sui-·f 
(ft ·; 

27 • .:.1.1 
:::6. :::·-=i 
:.::s. 1 7 

25.42 
21: .• ==:6 
3(>. 11 
~~ ~ --:, ·-··-·. ·-·-
3•-=,. 7,-=, 

Failure Surface Specified By 11 Coordinate Points 

Point 
No. 

l 
2 
.,:;. 

,J. 

= ·-' 

7 

•-=, 

1 (l 

1 1 

*** 

X-S,.tr·f 
(tt) 

-~-~. 22 
10.:l. 22 
10::: • .:J. 7 
l 1:.::. 77 
117.45 
122.35 
1 :.::1: .• 6.J. 
131 • 1 <) 

134. 7::, 
135. 1).3 

1 • 37,::, *** 

Y-Su1'f 
(tt) 

31. :'.;:5 

2::: • 41:, 
31. (,•-=, 
33 • 1::,4 

35. 3':I 

41. 21 
4.J. • ,:.,:. 
45.01 

Failure Surface Specified 8y 9 Coordinate Points 

Poi r, t 
No. 

1 
·""'.• 

. .,;, 

.:J. 

c:, 

7 
·-· '·· ' 

X-S1.11·-f 
(tt) 

:::,: .• ,:. 7 
91. 4 7 
·;,: .. 35 

1 0 l • 34 
l <),: . • 23 
1 1 (l. 71:. 
l l ·:_. . 1:. t 
l l -:; . 7 r:, 
11-::. 77 

Y-S•.1 r·f 
(ft) 

2::: . ::;•-=, 
:27. 51 
:::1:-.,U 

:;_7 • ~'':, 
:.::•::, . ::: ,:. 
3:-.::: . -~o 
:: ::: . ~=::: 
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I -
I 
I ~ 
I 
, __ 

I-

Failure Surface Specified Bv 16 Coordinate Points 

Point 
I\Jo • 

l 
·""'.• 

4 
tr: 
·-' 
,:. 
7 
!=: 
·=-t 

l 0 
l l 
1:2 
13 
l .J. 

15 
16 

*** 

y 

X-S•Jr·f 
<"ft) 

60.00 

6::: . :::9 
73. :::5 
7:::. :::::: 

-~3. 7::: 
9:::. 4'1 

103.35 
l (I;;: •• :::•:, 

l O·=t • 7::: 
113.72 
11 7. (l·=-t 
l l ::: . 65 
118. -~·=-t 

1 • 3:::7 

• (H) 

*** 

A 

26.25 

Y-S,.t 1·· f 
( ft) 

:::o .oo 
11:,. :::6 
17.01 
16. :36 
15. ::: l 
16. 2i:, 
l ,:, • ,:. 1 
l i:,. 57 
1:::.27 
1 •:-.,. 42 

23.47 
27. 0'5 
30. 12 
~~ ·=··""':• ·-··-·. ·-·-
3::: . 57 
3':I • t:,6 

X 

5:2.5(> 

I s 

7 ::: . 75 

F T 

105.00 131.25 

X .oo +-----*-*-+---------+---------+---------+---------+ 

2~-. 25 + 

A 52.50 + 

• l) • '=• 
•• <)6 •• 

. . . (),:, .. 
X 7 ::: • 7 '5 + • • • • (1 ,:. • • • 

- •••• ,:,,: . •• 1 
- ••••• ,:, • ,: •• ,-1. t 
- ••••• 1) • ,: • • ~~ L 3 
- ........ ,:. r l ·::-

••••••• 1) •• r:--•I l: 

I l ,:,5 . ,:H) • •••••• ,:a • ,_1,:.:::-:.-: 1 Attachment 3-29 



9 
. ' 

l/
) 

1.:
, 

,-
,-

.....
 

,-
((

1 
i_

l\ 
(,

l 
.. 

(.
•j 

---
I 

.....
 

.. 
---

I 
'.~ 

1.:
, 

(I
\ 

o_r
, 

+
 

+
 

+
 

+
 

* 
~-



I -

APPENDIX C 

CALCULATION OF SETTLEMENT 
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Settlement of Gravel Foundation Soils 

At low stresses and strains, settlement of granular soils can be 
modelled using an elasti c response. The settlement of a rectangular 
base with dimensions B and L on an elastic half-space can be 
computed using an equation satisfying the Theory of Elasticity 
(Timoshenko and Goodier, 1951; Steinbrenner, l9J4; and Fox , 1948): 

~H = (qo) * B * {{l-µ**2)/Es) *Is* If, where 

~H = settlement, in units of feet 

qo = intensity of contact pressure 

Since the impounded fluid is essentially water, the unit 
weight of the impounded fluid is approximately 62.4 pounds per 
cubic foot. Contact pressure on the liner then equals fluid 
unit weight multiplied by depth of fluid (21 feet), or 62. 4 
pounds per cubic foot* 21 feet= lJlO pounds per square foot. 

B = least lateral dimension of contact area 

The minimum planned width of the basin bottoms is 120 feet, 
with length L = about 180 feet. 

µ=Poisson's Ratio 

Poisson's Ration was estimated as 0.4 (Dames & Moore) 

Es= Elastic (Young's) Modulus of the soil 

Elastic modulus was conservatively estimated as 1,440,000 
pounds per square foot based on Bowles, 1988 . 

Is= Steinbrenner Shape Factor (Steinbrenner) 

Settlement was calculated ta a depth of 100 feet below the 
basin bottom. H/B then= 100'/120' = .8J3, L/8 = 180/120 = 
1.5. Referring to the attached chart, Il = 0.1J2, and I 2 = 
0.1. Is then= Il + ((1-2µ)/l-µ)) * I2, or 0.165J. 

= Il + ((1-2µ)/(l-µ)) * I2 (see attached sheet) 

If= Fox Depth Ratio Factor (see attached chart; equals 
approximately 0.825). 

Inserting the above figures into the original equation gives 

~H =.0125 · feet, or about 0.15 inches settlement in the 
elastic gravel layer below the soil-bentoni te layer. 
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Settlement of Soil-Bentonite Layer 

Golder Associates (1990) originally performed consolidation testing 
of the proposed W-105 borrow sand, at a bentonite content of 8 
percent. Consolidation at approximately 1300 psf was about 2.5 
percent. Moisture content of the as-tested material was 19.6 
percent, which was approximately the same as the composite 
determined by Chen-Northern (1990). Dry unit weight of the soil 
prior to consolidation testing was 104.2 pounds per cubic foot, as 
compared to nominal densities of 100 pounds per cubic foot obtained 
during construction of the liner test fill (Kaiser Engineers 
Hanford Company in-house report). Although the bentonite in the 
Golder consolidation test was 8 percent, and the proposed nominal 
bentonite content is 12 percent, it is our opinion that 
consolidation of the two soils will be similar. Therefore, 
consolidation of the proposed 36-inch thick soil-bentonite bottom 
liner can be calculated as: 

~H = (2.5/100) * 36 inches, or approximately 0.9 inches. 
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J LIS ti f i Cati O 11 ( continued) 

• Treatment and disposal of land disposal restricted waste in 
interi1n storage is required by Tri-Party Agreement Milestones 
M-26-03 and M-26-04 

M-26-03 Cease discharge of 242-A Decernber 1994 
·Evaporator process condensate 
to LERF Units 

M-26-04 Remove all hazardous waste June 1995 
residues from the 
242-A Evaporator LERF Units 
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